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DETECTI ON I N MOBI LE SERVI CE MAI NTENANCE Techni cal
Field The present invention relates to nobile
woammagicat i on networks and to their nanagenmenPCT/AU2006/001577
Priority Docunents The present application clains
priority from Australian Provisional Patent
Application No. 2005905863 entitled "Mbile Service
Mai nt enance" filed on 24 QOdtober 2005. ; and
Australian Provisional Patent Application No.
2005906105 entitled "Profil e Based Conmuni cati ons
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Australian Provisional Patent Application No. 2005905863 entitled “Mobile
Service Maintenance” filed on 24 October 2005. ; and

Australian Provisional Patent Application No. 2005906105 entitled “Profile

Based Communications Service” filed on 4 November 2005.

The entire content of each of these applications is hereby incorporated by

reference.
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o PCT / AU2005/001358 entitled “Radio Mobile Unit Location System”;

e PCT/AU2006/000347 entitled “Enhanced Mobile Location Method and
System”;

e PCT/AU2006/000348 entitled “Enhanced Mobile Location”

e PCT/AU2006/000478 entitled “Enhanced Terrestrial Mobile Location”

e PCT/AU2006/000479 entitled “Mobile Location”

e PCT/AU2006/001479 entitled “’Profile Based Communications Service’’
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conmmuhi cation networks often use information
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the known | ocations of the tadi o network access

PoBettion 5Ar4 dfrR&fie HraquaryaRF) spstbindcenatios! B@PPhone
| ocati on systens these access points are the cells. A
| 0dR25M2syst em whi ch estimates the | ocation of a

nobhi |l e term el ative tq.one aqr, nore radi o netwyork
“c s%%orbg%ﬂfg’aﬁrV@ifm%ofﬁ%m%@g%aws%t Svaisms”,

ch%ﬁt r9'B_slt1iO s of those access points. For exanple,
in"a coarse cell identifier based nobile cellular
10 | ocati on system the relevant characteristics
typically include the unique identifier for the cell
Theaeutiteheryenigofaakh of theseatatiunadres isderaby dhcarperated byi s
situat ed. More accurate systens such as those which
refefleBge.i ncor porate radi o si gnal

BACKGROUND

Radio communication networks often use information representing certain

15 characteristics or parameters of different parts of the network. One example of
an application that uses this information is a mobile radio location system.
Some mobile radio location systems operate by using radio measurements to
estimate the location of mobile terminals relative to the known locations of the
radio network access points. For the special case of cellular mobile phone

20 location systems these access points are the cells.

A location system which estimates the location of a mobile terminal relative to
one or more radio network access points requires knowledge of the relevant
characteristics of those access points. For example, in a coarse cell identifier
based mobile cellular location system, the relevant characteristics typically

25  include the unique identifier for the cell and the geographical coordinates at

which the cell is situated.
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measurenents in the cal cul ation process require

addi tional configuration information. This typically
wonel7wde7t ransm tted power, antenna gain and ROTAWREN6/001577

orientation. The performnce of such systens is

strongly dependent on the integrity of the database

containing this network configuration information.

Thi s dependence increases i¥n systens prom sing greater

| evel s of spatial resolution or accuracy. In an idea

Mosg€ addirath sylsb@ns Oith §4HRJsk Whifh alddoSneSigoth@i raldes ¥RhkI
will match the network database. I n such a scenario a

meapramients gy drecaladation pnovgesnempititoadditional cdnfigrantion
. .to the t.wor k nfiguration which would be notified
infQxnaation. ﬁa%fyepl‘eé?x %?m%@é&&%?rr BREEMASHE aRds

antéﬁ?é{"ﬂrig WENE that typically the configuration
Information I's poorly maintained, distributed across

nmul ti pl e dat abases and exhi bits many errors. Reasons
Thd perfeimanepeiaichsysrineR i hE depéndchidat ﬂﬁqﬁ@egﬁiﬂg of the
actual configuration may lie wth the network database
databassi comtainéng thiswekw edndargiguaation imforimation. This dependence
. database may be at fault due to efrror,s such as
incyeRseR LI CAP PEPIENIRG SEiticleuployt shetiek eselii iR arscaracy.

[ LY 0 .
In L8] Scerlibl B QRRERASY of BIEUER Dk bR e
netiv@irk WataBa@e P11 Pagah ScdiRir A locaAbhisgstedt WoRild BARIRSed &
t he dat abase. Conversely the network configurat’ion may
copeovithehangemtoetheat:teoek tanfigumationswhbithasotldbenatified aia
rors en enté(ri ng, configuration details and failure

an ﬁéd%f@ﬁpit B netWaEs datakase Esipericage has shewndraveess that

A RSB e Wl S
acrg%grﬁﬁﬁ@ilﬂb R REeb AndekAfbikGhiRFRrie network database

Reasons for discrepancies between the supplied database and actual
configuration may lie with the network database or with the network
configuration or both. The database may be at fault due to errors such as
typographical errors, especially the transposition of numbers, during data
entry; problems with the process used to collect and collate the network data;
and failure to propagate network configuration changes to the database.
Conversely the network configuration may not be as intended due to errors
such as typographical errors when entering configuration details and failure

to configure one or more planned network changes.

A further problem for operators is that the network configuration is not static.
Opportunities for inconsistencies to arise between the network database and
deployed configuration occur throughout the life of the network. The
network configuration changes when sites are added to increase capacity
and/or coverage. Changes also occur when cells are decommissioned.

Mobile cells (referred to as Cells-On-Wheels) can be temporarily setup to
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depl oyed configuration occur throughout the life of
the network. The network configuration changes when

weoeibwd4g7e added to i ncrease capacity and/ or eovRURY®S/001577

Changes al so occur when cells are deconm ssi oned. .
Mobile cells (referred to as Cells-On-\Weels) can be
tenporarily setup tosupport the tenporary capacity

i ncreases required to suppdrt events such as
significant sporting events and outdoor nusic

PO e he 45409 R 36 loiuPael BN el M st
Suthe net V\DHI}IIJ(— cgﬁcl ast “f or er"ilourserqand ins cases %aysés

sighitfizanbspongimgedvienits amy oahdotgentisicponeeritd. y Thisntemnhpomry s
. cell not operating due to schedul ed mai nt enance,
addigionp aeddelefions o, themepwars camlast far homis apdtipspriegases

oo RS e SRR Bl S i
op@a%%%o%@ﬁE&ule%ﬁﬁﬁ&%é%@??n@ﬂt PhiPuleCBE pber failure.

correésponding errors in the tion of the

Thé neatordralbaskahgessiheon sartinkdanciettiee tisenstwaak, toiimpsove
cases | eading to unacceptable service quality for

persoizBenGenrto adept @ changrsrduestosrepsans discwasad abeve.
validating that the network is configured as pl anned

SAL I EU IR O e TR
locﬁﬁgn%gétpﬁe@?agr%c??ésokfaté&sé‘r@ﬁte:b,rlﬂ%:o!rrYe ek %a‘ﬁ'l"i‘ﬁg ﬁ%

r epr esent I cant operational burden for

unaeeptable grroidedprality foi sulsoribéjse Metoforkhpepaisehave no
i nvention to detect errors and/ or inconsistencies

mepas peenlidatingthad the aetneeskds konfigurest ascpleonesl mhercthap tr
t . SUMVAR t f the. t.
per B fesBRLp e 4ne pEl i B el tnoritdh et PN,
TR . R :
Thé BEAT WpHaBng diediRaihed sb M SATHGRY Gt Rateor

represents a significant operational burden for the service provider.

It is an object of the present invention to detect errors and/or inconsistencies

between a configured network and corresponding network databases.

SUMMARY

In one aspect of the present invention, there is provided a method for
detecting an inconsistency between a radio communications network and a
network database, the method comprising:
receiving from a mobile radio terminal in the radio
communications network, at least one measurement of at least one
parameter from the mobile radio communications network;
comparing the at least one measurement with corresponding

data in the network database; and
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woOeearsto4gite paranmeter fromthe nobile radio

receiving froma nobile radio termnal in the radio
conmmuni cati ons network, at | east one neasurenment of at

conmuni cati ons network; conparing the at | east one
measurenent with corresponding data in the network
dat abase; anddeterm ning that the at | east one
measurenment is inconsistent if the at |east one
measurenent is different to the corresponding data in

the net v@étsrdatinPanst thett Wt bAE Medst feriBANGnddHsidteNt if
conprises the step of calculating a netric associ ated

wi t thet dtdeast one astasomementisutiffesntt ta s$hegomtedporfdiogidiakein
net wor k dat abase, and conparing the calcul ated netric
Wtﬂ‘%Qthﬁ@F%Pasﬁﬂ anot her form the nethod further
conprises determning that the at | east one
nmeasurenent is different to the corresponding data in

TRenBebMA! thedat aRASRriHer (B i R)es thatR df%féu@atﬁi‘%& SkSiric
the threshold. In another form the nethod furtHer

assyridted svitka khengt laastypetnesiigetdeat usingadatagtan thé neteork
nobi | e radj o comuni cations network is not present in
datahease andl eqmpariog the saleulateshmeteie witk a shrasheldbugh

data in the network database indicates that the
paraneter is present. In a further form the nethod

T hBafer GO/ fRGRetidd fhthed lohfiNes e

does not cont r ag(lﬁgt tdhe ﬁ;po? Sis, COnsi glr[gﬁ{gg% AEN
14wt ofie p@istiBerh &gt B YhiffeRees t6 thd toreedponidives dher i thehe

met hod further conprises considering data that

sepporl databasaif the balsikated metrie ex théghresheldof

consi dering data that supports the hypothesis

In another form, the method further comprises making a hypothesis that a
parameter of the mobile radio communications network is not present in

the mobile radio communications network even though data in the

network database indicates that the parameter is present.

In a further form, the method further comprises, if the at least one
measurement does not contradict the hypothesis, considering data that

supports the hypothesis.

In a further form, the method further comprises considering data that

supports the hypothesis.

In one form, the step of considering data that supports the hypothesis
comprises determining whether the mobile radio terminal is in a given

zone.

PCT/AU2006/001577
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conpri ses determ ning whether the nobile radio
termnal is in a given zone.ln another form if the

woubi7ioesr7adi o termnal is determned to be in PO®AGR2NB001577

zone, the nethod further conprises conparing the at

| east one neasurenment wth data in the network

dat abase corresponding to one or nore expected

measur enents that woul d be®expected to be obtained by
the nobile radio termnal in the given zone. In

anahbter fform) if the nioHilead did ek iehalGe dRtdrafified b BE Hh MT
that there is an inconsistency between the radio

gorenpInea thometied firtherguinptisesomypating theantbdsastidnet he
step of co [ the at | east.  one neasurenent with
PR om R D R D Bt BEE kR &H%ﬁﬁ%@%@ QeOr
s di i f nG8.
Flor e AL S TRE A EIF IRy B @b g e e G Ty
dechobilatrhdi Rrelivslahithy gﬁfer{m_.lr ements over tine and
determning that there i S an inconsistency between the

radi o communi cati ons network and t he networ k dat abase
if the difference eg t he accunul at ed nmeasurenents

et
anether feran gtheppethod. GOFPIiSGP dptarmyning had sheye is

j I ln one form the hypothesis
R SRS, P ERR Pl Reum e e e
AeRvORed #abiif thekte ﬁgﬁfr
one neasur enent isgrgéEFSe f?g%g%%gmﬁggPﬁg@@gﬁ?géhent
wathnilatal inuthe mgtwpek daimbpseidryesponaingts gadyne or more
establ i shed communi cations session. In another form a
BYRRCed Mmeasprementsindisates adifferencsi ved from a
plurality of nobile radio termnals within the radio
conmuni cati ons networ k. Accordi ng to anot her aspect of

108 FRFRELAn), IME MtABA FHARELORPPEYsQ&eth@ating a plurality
of measurements over time and determining that there is an inconsistency
between the radio communications network and the network database if
the difference between the accumulated measurements and the one or

more expected measurements exceeds a predetermined threshold.

In one form, the hypothesis is that the radio communications network

contains a non-operational cell.

In another form, the at least one measurement is received from the mobile
radio terminal using spare capacity in an already established

communications session.

In another form, a plurality of measurements are received from a plurality

of mobile radio terminals within the radio communications network.
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wanbi7tasr7adi o t er m nal |

networ k processor in a radi o conmuni cati ons network
hayi ng at | east one radi o paraneter, at |east one

net wor k dat abase storing data corresponding to the at

| east one radi o paraneter, the network processor
conprising: a receiver for receiving fromthe nobile
radio terminal 'in the radi d conmmuni cations network, at
| east one neasurenent of the at |east one paraneter; a

QBALIAE A0 ah@theQEPaEL STaht PRestht iAoM) ndTRAS PFSARBY a
wWith the corresponding data in the network database;

mﬁNarkrpmﬁcarindﬂtadimthmgmiMionmmOrkémsning)a’eleast one
ne%zurenent i'S jnconsi stent |f the at | east one
AR

(RAARIREer 8t past nemobils radio tepmimalprdirdgtyaris in
tcﬂ? LVRU%& g‘%ﬁ?aa{fabaké‘stg?%g“ﬂt 88%@&& & Bhia %Pfeast

nve I'on I'S prov nmunrecat 1 ons

RALWRALD SAARIEH, THe hePRbIR ploREQRRDTVPridiagor di ng to
t he previous aspect of theppresent |nvrént |gon

Accor di ngreeivardohesceaspg ftomtth¢ heohileandit termipait indhe
there is provided a nethod for detecting a

no nraeﬂa@ cammrnicatians nefverk, ablegstenamnsasuremeary of the at

net t he net hod conprising: receiving at |east one
}é\;’% enParalnh F{fdl ng data relating to at |east one

Cel I, fromm b €or @fh altlﬁg AR leh&t drftembadlir®ment with
conmuni cat i ons net wor k; ete m ni ng whether the nobile

r adtle doerespoalding data ia the netwardndatabbese manidni ng whet her
the at | east one cell is reported;.
a means for determining that the at least one measurement is
inconsistent if the at least one measurement is different to the

corresponding data in the network database.

In another form of the present invention, there is provided a radio
communications network comprising a network processor according to

the previous aspect of the present invention.

According to another aspect of the present invention, there is provided a
method for detecting a non-operational cell in a radio communications
network, the method comprising: |
receiving at least one measurement, including data relating to at
least one cell, from a mobile radio terminal in the radio
communications network;
determining whether the mobile radio terminal is in a given
zone; determining whether the at least one cell is reported;
updating evidence that the at least one cell is not operating;
deternﬁning whether the updated evidence exceeds a

predetermined threshold; and

and a networ k dat abasepCctiagi2006/001577
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updati ng evidence that the at |east one cell is not
operati ng; determ ni ng whether the updated evi dence

wexewddsi7a predet erm ned t hreshol d; anddet er m RCTEAUROEI001577

the at least one cell is not operational if the

updat ed evi dence exceeds the predeterm ned threshol d.
In one form the nmethod further conprises, for each
cell reported in the at |e&st one neasurenent,
resetting evidence against the at |east one cell not
operat i n@letefrﬂuﬁﬁg the¥ the dt [&st bAE cOll i S PrRGoRM ifigRCe
agai nst the at ast one cell not operati'ng conprises
set ti ng epdated evideatcedxuerdsphe tpedd etel mimabthreshaldr o

-and setting a cell count to zero. In another form for

each cell unreported in the at |east one measur enent ,

B K S AR URRGE R LAS, Bl L SRSle PRotne o
M@?@H& e stflthertO §ése§tﬁ‘i E%ﬁeﬁxze Eg?ﬁgt @lﬁ%t ‘T@Aslt oﬁ@ dell not

addi ng the conputéd unré orte cost .

aperatirigat ed unreported cell cost and |ncrenent|ng t he
cell count. In one form the step of determ ning

whet her the updated evi dence exceeds the predeterm ned

AR ﬁ‘?%ﬂe S Then: b resa e Agiclihe b feash ane peflnot
BPERRIFY rhPflsds VAL H ackinRRAEH R LG8 T LOF cBlt th98%

aﬂdepﬂﬁfgacﬂabomﬁttblmr@ccurml ated unreported cell cost
is greater than the predeterm ned threshol d. According
to yet anot her aspect of the present invention, there

kr? alploi%er orm, for each cell unreported in the at least one measurement,
the step of updating evidence that the at least one cell is not operating
comprises computing an unreported cell cost for the at least one cell and
adding the computed unreported cell cost to the accumulated unreported

cell cost and incrementing the cell count.

In one form, the step of determining whether the updated evidence
exceeds the predetermined threshold comprises determining whether the

accumulated unreported cell cost is greater than the predetermined

threshold.

In another form, the at least one cell is determined to be potentially non-
operational if the accumulated unreported cell cost is greater than the

predetermined threshold.

According to yet another aspect of the present invention, there is provided

a network processor for use in a radio communications network having at
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a network processor for use in a radi o conmunications
networ k having atleast one cell in a zone and at | east
woner7edi’le radio termnal in the radi 0. comunPCatALQNE/001577

networ k, the network processor conprising: a receiver

for receiving at |east one neasurenent, including data
relating to at | east one cell, froma nobile radio
termnal in the radi o conm#ficati ons network; a neans

for determ ning whether the nobile radio termnal is

leasfofé YElM ik 8 28he AL M43t BHe WSHiREIadid RerdtinhP@Sthe 39810
cell is reported; a neans for updating evidence that

comnaynicetisns never, thd setmatrkqpecessongomaprisagns f or
det erm ni ng whet her the updated evi dence exceeds a
pr edet erdFEY T APREasivAng ahleast prRemeasiengiteindlyding data

that the . S cel | i 8 _not operational i.f 1he
updat ed rg{ij&l %‘lle%i@)eéte@%%é) 3 CteHéPrBF}s%igf Trdip ?erYlnélgﬁ e
Accor di ngdi® conbisitalSRerdtwrirkt he present invention
there is provided a radi o conmuni cati ons network

conpr i si ameans émadetermpirdagselothar ther wiobde radiolterminal is in
previ ous aspect. DRAW NGS Varjous aspects of the
present 4 ghERZo5% determiningiehetber thereidepsticmerasilds ence
to the follow,ng Figures in which: Figure 1 - shows a
system al}egﬁ)ﬁeg(:ture of an exenplary radio

cCoMuUNI CaticaRns f&eﬁff\@iﬂﬁ*lé SviRheN A ThOYBIASPSES Se1Pfs ke

present invention
operating;

a means for determining whether the updated evidence exceeds
a predetermined threshold; and
a means for determining that the at least one cell is not

operational if the updated evidence exceeds the predetermined

threshold.

According to another aspect of the present invention, there is provided a
radio communications network comprising a network processor according

to the previous aspect.

DRAWINGS
Various aspects of the present invention will now be described with reference

to the following Figures in which:

Figure 1 -~ shows a system architecture of an exemplary radio
communications network to which various aspects of the present invention

may be applied;
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may be applied; Figure 2 - shows a network arrangenent
in which a cell identity error arises froma cell

woaadusiate errors Figure 3 - shows a fl owchar PCOfATR006/001577

met hod of directly detecting an inconsistency; Figure
4 - shows a flowchart of a nethod of indirectly
detecting an inconsistency by accunul at ed
observations; Figure 5 - stfows a flowchart of a nethod
of detecting the presence of an unknown and

FighiCOL sh6Ws)a hétovtrkidrethdegddnit ift mBUER a&ell 18 - dror arises
flowhart of a nethod of detecting non-operaftional

froroel dedl; copirdinage Frrorshows a fl owchart of a nethod of
detecting a non-operational cell becom ng operational;
-Figure 8 - shows a flowchart of a nethod of detecting
Figuxsl 3 < shpwh ai Aewichetitofcomethathokediredtlyydetecdng ashows a
. _flowchart of a nethod of detecting cells with
MeeNEIsienEet coor di nat es using probability nmetric; Figure
10CA - illustrates the detection of incorrect cell

- di .l's A and |Bheard ly;
Figitoht hges ARVt pled g 0k rb oA B oot
incif¥lidters fhE@IrﬁﬁlJtQ& ob&drbatifngnd C heard

cont enpor-aneously; and Figure 10C - illustrates the
detection of Cells A and C of Figure 10B in another

Fig@e31D Eﬁe@&ﬁ&l&}%&ﬂ%ﬁ@ﬁh&’&h@ﬁﬂ o\i{%feitét’:"t'ﬁlg%@ %ﬁ%&&g _oF Q{jlm h

present invention will now be described i'n det ai
unknefar end éndoorrenly identifieé Geipodi ment s of the invention,
exanpl es of which

Figure 6 - shows a flowchart of a method of detecting non-operational cells;

Figure 7 - shows a flowchart of a method of detecting a non-operational cell

becoming operational;

Figure 8 - shows a flowchart of a method of detecting cells with incorrect

coordinates;

Figure 9 - shows a flowchart of a method of detecting cells with incorrect

coordinates using probability metric;

Figure 10A - illustrates the detection of incorrect cell coordinates for cells A

and B heard contemporaneously;

Figure 10B - illustrates the detection of incorrect cell coordinates for cells A

and C heard contemporaneoﬁsly; and

Figure 10C - illustrates the detection of Cells A and C of Figure 10B in another

example.
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, are illustrated in the acconpanyi ng draw ngs. The
exanpl es and enbodi nents are provided by way of
wexpl7aagt’r on only and are not to be taken as | PartARe6/001577
to the scope of the invention. Furthernore, features
illustrated or described as part of one enbodi nent nmay
be used with one or nore other enbodi nents to provide
a further new conbination. Al t hough many of the
exanpl es used to illustrate the enbodi nents of the
present I nventions are based on the GSM nobil e phone
system the enbodi nents disclosed herein are readily
PALERIDESCRIREIONDDI | e phone systens such as UMS,
CDIVA- 2000, d COVA 1. S-95. Thi ecause
VaBBP%ﬁ%RE‘éFSsoﬁ er{&eﬁ%HéBY%‘éﬁ%‘h&”ﬁ RevEB? d@gcam? ingfletail ith

rfRAEER) A 1 bR RS EL Sl o Bl O PR

‘ arermagmeaqﬁtthe abcdify phififithg] drahhﬁ S AR BRYnHies n§DVA- 2000

pi | ot power neasurenent As another exanpl e, just as
embhdimbistsace podvideddiyl why ofeaplasitidatondy ndVzas noetebe

Report may indicate a on operational cell, the
takgpas dppiting tg tgsﬁwmpfa eunrentieRiel mrthermard; deatdresi nt r a

r
il REOr SRR R Ot PR e RSB B AR b hpettuaithame o
maRé %ﬁ%@temtﬁb’diﬁ{ér%‘td/\'piréwﬁ@\éefﬁrﬂ'@?ﬁ@wV&‘ﬁh&HaBBﬁ and
enbodi ments as well~as variations and nodifications
that woul d be underst ood by the person of ordinary
Aliilk)'ugh many hfetl*wr exanTIblle- ugérb ta iltdstmte thecdrhbodirents of lise
term "nohil e" m)bl | e phone" i s used synonynously
Prw%uwenﬁen%a@qba@e "Qeihe gbilg phorg ﬁYﬁfémréhﬁf 0

Hmnal und rst 0o a
el SRS stoie el S RAALY Bl 30 SHEIRPBTr Bltne
sysk&hs Qﬁ@{ adUBI TS CHIBAIR0] arld @@MA @95 OFhy ls%@ﬁlse the
nDbl econputer, or pager. Simlarly the terns ce

parasetersyredimy tmaashyed/\amdh thédreorresponding cell characteristics have
equivalents in each of the mobile phone technologies. For example, a GSM
signal strength measurement can be used in the same way as a CDMA-2000
pilot power measurement. As another example, just as the absence of a cell
from a GSM Network Measurement Report may indicate a non operational

cell, the absence of a particular UMTS Node B from a set of intra frequency

measurements may also indicate a non-operational cell.

It will be understood that the present invention will cover these variations
and embodiments as well as variations and modifications that would be

understood by the person of ordinary skill in the art.

Throughout this specification, the term “mobile” or “mobile phone” is used
synonymously with terms such as “cell phones” or “mobile radio terminal”,
and will be understood to encompass any kind of mobile radio terminal such

as a cell phone, Personal Digital Assistant (PDA), lap top or other mobile
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termcell. Throughout this specification the term
"l ocation system is used in its nost general sense

woebwErmsrtg to systens that output | ocation estPOBA®R006/001577

with respect to an object or coordinate franme and to
systens that output the |ocation estimte as an

i ndication of the proximty to an object or an area.
This includes, but is not Efnited to, zone-based

| ocati on systens such as that described in PCT/

corpBR06br PARA 7 ESigildrly @1 teHRb 2BIE @fusker §y§‘§ﬁ-§]7h%' udWpP N ikie the
Location". The term}!'about " as used hérein may Dbe
termpgelli ed top nodi fy any quantitative representation
that could be permi ssively vary without resulting in a
si,c function to, which if is related.

change in the ba . !
Thﬁq&lg?]%@tr%lmssaﬁ#bf@ata%gﬁ fsemprocafipshsysterte ds Horgl fryits most

. ri . 1 1. .
s GO O RAE D005 LG8 ok AR iespece
to diPbbje@bridordhatd frafidlitto sydterhb ehatthidplt B location
Identification Module (SIM ‘that is inserted in the
estimaatd setan indicatioadfithe pmakingity teass bbjpcoor amarda. CHrisl
. werted, intg the handset, or_in a conbination of two
inchyjdegpbut ismot figaited {1, zope-based lqaationsy siemsschgs thab

t | b on, . S 10t as .de
dess L 1R Py s RUEDR( ARl CErioso B AP MO
Lo&kRnat i onal state of each conmponent of the network. It
wi |l also be understood that nmuch of the processing
that occurs in the inplenentation of various aspects
Thofertthéalpnds estised herdinanay he appled bep diastify oy gdantitative
bet ween t&F handset, one or _nore ne%lvvork el enments or
repgessoiation thajiconld,be Rermisgivel: seLWLbSEE Befdilivag Wba khange

in t88 %/asﬁrfuggﬁoﬁ) to WHiéh ﬁl i§ & QEeSd.

In the following description, when processing is described as being carried
out in a mobile terminal, it will be understood that the processing could be
carried out in the handset, in the Subscriber Identification Module (SIM) that
is inserted in the handset, in an additional processing or smart card inserted

into the handset, or in a combination of two or more of these.

In this specification, use of the term network configuration refers to the as
deployed network and where relevant also includes the operational state of

each component of the network.

It will also be understood that much of the processing that occurs in the
implementation of various aspects of the present invention can also be
distributed between the handset, one or more network elements or processors
within the radio communications network and/or one or more elements
outside the radio communications network. It will also be understood that the
invention may be applie‘d to any application in which a location estimate for a

mobile terminal is required.
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out side the radi o communi cations network. It wll also

be understood that the invention nay be applied to any
wappl7ioagt’r on i n which a | ocation estimte for aCcmwROME/001577

termnal is required. Furthernore, the network database

referred to in the various aspects of the present

i nvention can be a central repository, a distributed

dat abase and/ or optional l¥#¥wth full or partial

copies distributed to one or nore nobile radio

Futttkeermore), the Mitwarkidigalbask lrefeh gl ©@aBGhe Phiiohs USB&cts of the
| ocati on and zone based systens to exenplify the

Preé?ittrlﬁv%iﬁ%ﬁam ke ajqentnal rezposmozry,w cﬂnstrldultaf;l pladalhemt enid / or
tha entlo S not to suc

P %Yc‘%{ﬁﬁéﬁ OT ﬂje‘EQPdS%d’&Eénf& tegdg Oa&e@réaa%ﬂ mpbilg gadio

tengg{alént her systenms in which a radio network
configuration database is maintained as will be
under stood by one of ordinary skill in the art. One

Whileche éolbowpireg descripgiopriseslocatiparaaid ashcbaseteysribhd &
network in providing voice and data communi catl ons

exepliE the epeeatipnpt thetineeniéamar wdt behpprcatedrthaiedreade

G o e 3 et S Afiatic. SReAtings Abiedhasai o
equﬁﬁ&%EﬁIQBf B{S}Eﬁ\%z@lreﬁ{srh%hﬁﬁ tltllghé’ ALHOYC (p({n(%fgelﬁ'ﬁgs ey

be app I ed. ere 1s I 0O conmuni Ca

dataletsets knalftataed as Wil e arentobd Wy Basest &%&a@%ﬂ}h i
communi catlng with one or nore radlo nobile termnals
art. JQne Augly ea&mp&e istthe pmmhryrmvmtmnb(ﬁthe;nwbﬂemrk in

cessor, h as Locati on Server nd network
proggf

155 4O Bt IR CRDs V\S‘@ﬁrﬁd&rog ewiih theinegwerk
10. A t
conﬂ%h?ahdﬁ&%%ﬁd@%@ qsﬁgtﬁgl offert 6 aﬂ? 6\6? :T%‘rﬁ%ragﬁg \S;gf’l gums

ofer at or present
aspects of the network 10 Net wor k processor

System Architecture

Figure 1 shows an exemplary mobile radio network arrangement in which
the various processes may be applied. Shown there is a radio
communications network 10 containing a number of Base Stations 11 for
communicating with one or more radio mobile terminals 20. Also associated
with network 10 is a network processor, such as Location Server 30 and
network database 50. Network database 50 may store any kind of data,
including a model of the network 10. A system operator 40 may also be
present for managing various aspects of the network 10. Network processor
30 may have all the required apparatus for carrying out the various aspects of
the present invention, including one or more receivers for receiving data
from various network elements such as mobile radio terminals, comparators
for comparing data received from the network elements with data in the

network database, processors for performing various calculations and
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30 may have all the required apparatus for carrying
out the various aspects of the present invention,
woOnael7ud8rtg one or nore receivers for recei vi ngPdatAa2006/001577

fromvarious network el enents such as nobile radio

termnals, conparators for conparing data received

fromthe network elenments with data in the network

dat abase, processors for péfform ng various

cal cul ati ons andconput ati ons, and neans for outputting
comipataipens, badahedmefe ompiubing thalrestled bfabesetarious

conput ati ons. The foll owi ng sections discuss the
Ca]ﬁﬁaﬁ@péﬁﬂd{%Bu’@ﬁloﬁlétmrk dat abase errors and the

i npact such errors have can on |ocation estinmation and

The fuilvhiagaedctionatlisoassitet differe esgofradtivonk \datdbrisa bai%es
Errors Any dj screpancy between the as configured

andyig inepars suel krrong havie carc pndedatigatestiadiarhend zene-based

locsu(g‘gosgd to reflect the as configured network does not
ARELEBIF™Sy ean that it is the network database that
needs to be changed. The problem nay be that an
i ntended change to the configuration of the network

CoMfBSura®liorCws Da?8bHERbrsvas carried out incorrectly and
that it is the configuration that needs to be

. r 4 L.gu Jpnetwor k and..net wor k
AGORREh Sy B SRR bR SRR SHIARLIRE ANFEh Rl b
dathPadeahabRsupPRee t Seffedt @08 QInfARABAHAW o0 BB A8t 2

‘cell can be oOperational but not i'n the network
necdssaziip seranBihat dpiethe hetvadrk, ddthbase thetnéedshatbet dhanged)
[ use by a nobile termnal in the

i s gvailable for ! )
Theprq ‘?WaW\E’FI ak ypindended rlangs o thercpafigntatiarnef the
f of .the.om ssion on a.locafion system oy s
netfohf Wasoncafu ol P RuiRePus F5 LI Dp By AEHaRF tinthe
configuration that needs to be corrected to ensure the configured network and

1

network database are in synchronisation.

Operational Cell Not In Database

There is a range of scenarios in which a cell can be operational but not in the
network database. By ‘operational’, it is meant that the cell is available for use
by a mobile terminal in the vicinity. While the scenarios are different, the
effect of the omission on a location system as a practical matter can cause

similar operational issues.

A cell may be operating but not necessarily in the network database. The cell
site may have been recently commissioned and the database not updated to
reflect the addition of the new cells. The network database may have a cell ID
error such that the broadcast cell ID does not match that in the database. The
cell may be due for decommissioning and was prematurely removed from the
network database. The cell may be a temporary cell, commonly referred to as

a Cell-On-Wheels (COW), to provide coverage for a short term localized
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net wor k dat abase. The cell site may have been recently

woamTigsi’oned and t he dat abase not updated to PeriA®R006/001577

the addition of the new cells. The network database
may have a cell ID error such that the broadcast cell

I D does not match that in the database. The cell may
be due for deconm ssioni ngland was prematurely renoved
fromthe network database. The cell may be a tenporary

incoelskd i oapamityyregai@iicds howasild ocald foPladdeepbstinEeVints

to provide coverage for a short term
or feg¥alszedi ncreased in capacity requirenents as would
occur for large sporting events or festivals. In a

tn 4 RGN By Sl PR elfPisdt IRk BrdeRihanibsraRprical
belﬁgwﬁ@@a PG @@ HeRRB11P aafa%g@&tﬁﬁge@gd]wqelg%&agﬁgp A%

nore detail further bel ow,

be descvibed inehdre detail fustheebeloms Whe telh IR of tied sdrivedd cdlDis, in
determ ni ng the source of the neighbour cell

some siseatamces, criticahfor ieenmeining therdureeief theepighbouscell

mefhBhgh i o2 el bAPind o ShaPo 500 BGae R
g . . . ¢

no TG O tRSE 8 ABRREDL PR by LRl bt

anc thwlotatien tagcactiort Wil heebé Ffilledl. hehe oty Kagnaty be
determned. This results in a drop in the accuracy of
measiemeds from estiited cellaerhnod bedispdtaethée ddayiohefdhe el

failed transaction if fhere remain too few .
CW&@E%@FF@HP&@%LF sef’fﬁ Headgerdn sie accuragit of the Ipeation

; | stens., 4 he effects
estSpli8 UhBtoutP pof MIEIRAREA 0 RTRI SRRl ioe SIS 4Sinafir 1o
fewCitida SRR 26 Yo bRAISIE thd RaBi¥A LSRRGS f&Bé@&ﬁ%ﬁt&?r a

Cell 1D based zone system any subscri ber ose zone

lies within the range of the new cell could find their
Forgengihased dogadipadsystemp ghe effects loéinot mplatisg the network

database with a new cell can adversely impact the system performance. For a
Cell ID based zone system, any subscriber whose zone lies within the range of
the new cell could find their service degraded as whenever their mobile
terminal camps on the new cell, the mobile may be deemed to be out of the

zone even though they may physically be within the zone.

In PCT Patent Application No. PCT/AU2006/000478, the zone computation
will consider the measurement of a cell that it does not know as being
evidence that the mobile is not in the zone. The overall effect may be to
shrink the zone and if the signal strength is sufficiently high the mobile radio

terminal may not register ever being in the zone.
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term nal canps on the new cell, the nobile may be

deened to be out of the zone even though they nmay
wohywioagl7ry be within the zone. In PCT Patent PCT/AU2006/001577

Application No. PCT/ AU2006/ 000478, the zone

conputation will consider the nmeasurenment of a cell

that it does not know as being evidence that the

mobile is not in the zone.!fhe overall effect may be

to shrink the zone and if the signal strength is
NosDperaitivnial el BDutithazebi | e radi o term nal may not

regi ster ever being in the zone. Non- Qperational Cell

Almsugxgwaﬁs@uﬂw@& ¢a RefFbik dStab %é fg%& hat ﬁecfégéa\gﬂ%e

dat abase it may not necessarily perating a
opegating apaigiveri potnit e tinld) eTleetdll My Beendve Wndbtet nyfkie

made operational. The cell may be tenporarily
opexgrorRe rldte seHanay e tempararilyl norsppetationatidreito b daalt oe.

P B ieERL ThEeal bl TS 5L bl Gk 20
herk 90l B 51 81 W LBRLBN NS, 2 AONGEROBZEL M

the biaetbade toneersieeptedoarid Rothuy absuRs@ YeR-dp&atibASL. The cell
dat abase. In certain | ocation systens, the presence of

may hawe bege daeommissioned but noty ¢tsremmoveldef ramt thisatdalbesy.
not degrade | ocation performance. In a system

in S BB T BBt S A
' - t el ] s
the 2400003 ot OB SRR 15 000 bl

unrepsitedicelly il estinating ldcatiancelch a8 ShatiSpAbE& th PET PRRAL
that it is not reported in a particular set of

ApplicasiondNenPS Ty 20% /20§84 iherekistence of nbnaper&onal o6l in
e BRSBTS . Tt T
unr@ﬁéf’c@ﬂ,@@ Geart MR YAE not Pe;?or%eo({]ﬁibg %S&ieular set of

measurements from a given mobile terminal.

For a Cell ID based zone system, the presence of non-operational cells in the
network database may not degrade the performance. However, in a zone-
based system such as that described in the previously-mentioned PCT Patent
Application No. PCT/ AU2006/000478, there may be a degradation in
performance. To illustrate, the definition of a zone measured when a
dominant cell was operational is likely to feature that cell Should that cell
become non-operational it will no longer be reported by a mobile terminal in
that zone. This in turn may lead a zone detection system to infer that the
mobile is not situated within the zone, unless the database is updated to

reflect the non-operational status of that cell.



10

15

20

25

system such as that described in the _
previ ousl y-nmenti oned PCT Patent Application No. PCT/

waLROPE8E17000478, there nay be a degradati on i NPCT/AU2006/001577

performance. To illustrate, the definition of a zone
measured when a dom nant cell was operational is
likely to feature that cell_Should that cell becone
non-operational it wll no'{ onger be reported by a
nobile termnal in that zone. This in turn may |lead a

Cel Weetificasion BarmyeateeBrtons i nfer that the nobile is not
situated within the zone, unless the database is
updated to reflect the non-operational status of that

Base etaitiofis Ity piceltin thakve cainhigie Ball al@itfler ETH S BRI GSM the
ically have a unique cell identifier. In

Lo LASSert i o s |
i fi ' [y i ti a particular ce
parfitfit H1L Wi diuesihivotk dnse sttt an b elierotmiuies
.| : + [ t celd .to wthi
SIS G o
B T AP PARECATH TN, CRlECN in
3G UMES), thieeBSlSs imeGadE and FSCahB@UNITS) Wikarawetherk ishe
trgn m ssion frequency and BSI C/ PSC to be changed and
retued 46 3icOmman ik the BRAuBHsiondeq Moy tand BSIC/ASC to be

b A T A £ Ol B Pre b R ey 801 affeiegansie to

arisé &Md@rﬁ@t@b@k@nf’?h?éﬂ‘ﬁémnd"m& n%L %Scltté%}%%e.a n

apparent new cel " in nobile nmeasure s and a cel
that appears to be nonoperational in so far that the
cell in the database is never reported in any sets of
Erroig s thedrelhile, inwestrinsirsumsteenes, veilkmamifestofs #h ghpaent
uni identifier is usually only

l.. the ue cell id
newgcghzﬂ‘ ﬁ%gglleomegﬁ‘éf%%@w dacell thebappenss le bgmonur cel | s
operafinal in so far that the cell in the database is never reported in any sets

of measurements.

When measurements are made of a given cell, the unique cell identifier is
usually only obtained for the serving cell. For the neighbour cells the
measurements contain one or more of the non-unique identifiers. For
example in GSM the BSIC and ARFCN are easily obtained; for 3G UMTS, the
PSC and UARFCN are easily obtained. Identification of the cell is achieved
by finding that cell with the observed attributes that is the most likely to be
heard given the reported serving cell. Techniques for doing this are well
known in the art and include finding the cell matching the criteria nearest to
the serving cell, and the use of propagation models to determine the matching
cell most likely to be heard given the area where the serving cell would be
expected to be strongest. Examples of suitable prop;agation models include

the Hata model (see section 2.7 of Mobile Radio Communications 2nd Ed.
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nmeasurenents contain one or nore of the non-unique
identifiers. For exanple in GSMthe BSI C and ARFCN are
weasi7ogsiobt ai ned; for 3G UMIS, the PSC and UARPCRAaR@6/001577
easily obtained. ldentification of the cell is
achi eved by finding that cell with the observed
attributes that is the nost likely to be heard given
the reported serving cell.?8echni ques for doing this
are well known in the art and include finding the cell
Editers Steebeand dlanid, E5BN 047297896 XIJoOWiRS &ovisTadcld 3gppd
hglt use of propagation nodels to determ ne t he
modgl: (seg srstien|d. 1 4w { RadieFyequenpe (RB)sydtapn veendris” SGRP

I ld. b d b
TR ghd a8 ik e &8 ediond S8 yslontion i Rasisioning
Meaﬁﬁgﬁﬁﬁtg &eh‘%t”anPPSé% §E@ section 2.7 of Mbile

dio Co ni cations Editors Steel e and Hanzo,
ISBN 047197806XJ. Wley &Sons Ltd, the 3GPP nodel (see

Errgmsanitbeanbniundqot céRidértiffers augnayateRitbbiatfis €58 location
scenarios" 3GPP TR25.942) and the TIP1l.5 nodel (see
Sysies a5dhe senasgirementy may ibsrasegcistediwiththe wrbvbgsetlenent

t 1. 5/ 98- rors in_the non-uni que
Per%?ﬁ E&Baaéﬁ?‘Flf‘Fé‘r‘é’l%C%'rl%@eEﬁg PRisAuRRtly she (qQrationsstimate
or Z@ﬁgtd%fg‘thgﬁﬂlgﬁbgqﬂ%f&nents may be associ at ed vvlth t he

wrong cell or” perhaps not associated with a cell”

all. Consequently the location estimate or zone

Flgld?et%ﬂlulsbrates&hlstnﬁs arnemmpre, irFwiiidtea Ahdbileugidiciteenihbl ZO is
as .an exa in which a nobile radio term nal 20

campgdsarcedho r% 92 IMebQQ radjertermeinad a0 elsodreairnedll aﬁ]alblstosmce it
is no o fithe Re 1y ohlyuRanifed iin demcguenieddenhbess

30
ARF@EI% ARdBYICBEE Cithe 1.6 attE)?l ﬁ%&‘r&f 3(2; q‘e%%g)}élg ?rbeatsgﬁﬂmmqs

net wor K measurenents sen
sentfy fiteanabilé yadio. teinA DORrE Sndlgzedi OuR s\f%p et ddiuely

.. those cells not uniquely identified int

idendify sheserrelis s10§ @mq@eﬁyndmuﬁed in the measurements sent by the
mobile radio. This is done by searching for a match to the non-unique |
identifier that is closest to the known (serving) cell. In this example a cell
coordinate error results in cell 7587 being selected as the best match. The cell
is illustrated as a faded tower to indicate that the cell is not actually the
location indicated in the network database. Had the cell not had incorrect

coordinates, the correct cell 3451 would have been associated with the

measurements.

Incorrect Cell Coordinates

Location estimates are particularly affected by incorrect cell coordinates. In
general the error in the location estimate is in proportion to the error in the

cell coordinates.
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nobile radio. This is done by searching for a match to
the non-unique identifier that is closest to the known

woOernusigy cell. In this exanple a cell coordi RATAU2006/001577
error results in cell 7587 being selected as the best
match. The cell is illustrated as a faded tower to
indicate that the cell is not actually the |ocation

indicated in the network dif abase. Had the cell not
had i ncorrect coordi nates, the correct cell 3451 would
In gekk IDdesed domtioat sydten t the b tivrastingite mdy bé agleuleed as
ordi nates Location estimtes are tEarti cularly

a W%fﬁei?gae{ﬁgem ¢ lesatiopsof theenllgihearddy the mehile. allhehe
oo ot R G B S L SR b e

error 1Tn the ce

TocatRSiRt IfbhS¥-edrfple, b BoBIRCAIHIO BerBRhh IR ﬁegbﬁ'ys R cells an?l one

cal cul ated as a wei ghted average of t ocations o
of thbge calls/hmsheaoddmate berompliding itThen hocgtfrom eStriuedd&tion.
IS thus corrupted in proportion to the error in the
Thecfact ph & ST In fhisrrset eaveraging proceasiisdotraove ta
reports ten cells one of .1hose cells has a
tociforl &Rt AriPoRimady T a ki lfdion Soihearton e
| ocation. The effect of the error in this case after

ForldiRertBea ok IstaBHACISEno hOoR R HhEel:BF A Ot PSt i Mot o

approximately 100nmin the direction o e error. For
sigrdfibantly dppendihglwmat itenrefatbledmportdieeasfithe bridheblig cell in
error can vary significantly dependi ng upon the
the pxerall pesitiap sprantdation. Imeorae casrsdhe etmineoits celhés detected

and QS il ahp e SR el it € oROORAR A PICTGB o
assGtistel WEh 'h%%ﬁﬂ%éﬂé s géf'ﬁ?hféagﬁlserﬁ l?tﬁlclﬁtbrtﬁ@/ cases ﬁl%e In

u
associ ated Wt aving one less use measur ene
affeotedamneaanemenlt enf f)lé@rteeﬁgﬁﬁ_ﬁ’éhf oI fith cORMtr&inAYg Ehe solution;
significant role in constraining the solution;
that is it has a disproportionate effect on the location estimate. In such cases,
the resulting location error can be large and have a significant impact on the

performance of associated location-based applications.

The effect of cell location errors on a zone-based location system, such as that
described in PCT/AU2006/000478, may vary. Once the zone has been
defined, the location of the cell is typically less critical. During the zone
registration phase there are, however, circumstances where cell location errors
may affect the performance of a zone-based system. If for instance such a
system first computes a location estimate to validate the location of a zone
registration request against a nominal location, as described in

PCT/ AU2006/001479, then cell coordinate errors could lead to the request

being rejected as not being consistent with the expected zone location.

A zone based system that incorporates predicted measurements into the zone
definition will also typically be affected by cell location errors. For example,

in a Cell ID based system zones are defined by the set of cells that can be
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that is it has a disproportionate effect on the

| ocation estimate. In such cases, the resulting
woOaowEtMgI7error can be |arge and have a signif PCamaU2006/001577

i npact on the perfornmance of associated | ocation-based

applications. The effect of cell location errors on a

zone- based | ocation systeng such as that described in

PCT/ AU2006/ 000478, may Vv ?y. Once the zone has been

defined, the location of the cell is typically |ess
heagdiinithazon®uThese tancbezansizreddhs eati@m@itapereditiseor a

re, .howeyer, circunstances where cell |ocation errors
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rors AR SRy R SRS o b ety
a cdlE@ithihabirebt dRAH AR ARAY Wt bR iRATHBElin HQRAL as
descri bed in PCT/ AU%OOG Ooﬁ%aﬁyﬁgﬁng ?éllclzgg?%li nat e
defmnition shendegrdding thopetfermantasiithbebng. rej ected as not

bei ng consistent with the expected zone |ocation. A

zone based system that incorporates predicted _
For zones %éﬁféﬁtﬂ@ldserﬁe&n%lw@r%ﬁb agipartiifithe definitiomthesignal level

i fected by cell |ocation error F
prelf¥BLE Y A AP WHEL RO ok fimaye Ry Fern S it The et
the Ryror Qﬁn%&% Fforh %_ligﬁﬂy e 1eAR z0Re bggnggﬁésd’gi QehtfahO96ne

These can be assi gned by neasurenent, pre |cg|on or a
perfonirnvatproblenhs duwdthas Gelmhebilhbéingalcelarod odit 0d tige £6HOr S
may be_included in a zone where the)i) don' t bel ong,
whep actually situated within ghearee datenndedite becmelased diyythe okl
deffﬁiittigni ncorrect coordinates may not be included in a
given zone definition thus degradi ng the perfornance
of the zone. For zones that include signal-strength as
part of the definition, the signal |evel predicted for

Otleer Gl PavdiletePEgForsct coordi nates may be in error. The
ef fect of

There are other cell parameter errors that can affect location estimate and

zone performance depending upon the types of measurements used by the

system.

Location systems that rely on signal strength can be impacted by errors in
antenna azimuth, antenna down-tilt, antenna characteristics such as gain and
beamwidth, and effective transmit power levels. A cell that is transmitting at
a higher power level than is stated in the network database typically will
mean that a location system estimating range to the cell using signal strength
will place the mobile terminal closer to the cell than it actually is. Similarly,
errors in the parameters associated with the antenna may degrade the location

estimate.

Other location systems that do not rely as directly on signal strength may also
be degraded by these types of parameter errors. For example timing-based

systems may rely on antenna azimuth in order to associate timing
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the error can vary fromslightly different zone

boundaries to significant zone perfornmance problens
weualt/as17t he nobil e bei ng decl ared out of the POmAU2NBN01577

actually situated within the area intended to be

encl osed by the zone definition. Oher Cell Paraneter

Errors There are other cell paraneter errors that can

affect |ocation estimte afll zone performance

dependi ng upon the types of measurenents used by the

meggigeamantd odt thencaysspentirdedlshehyredichicgllawest hepgt h
can _be inmpacted by errors_in antenna azinmuth, antenna

unigygly- identifiednt Anathesiexample s ascdlt D bassd a&stglai usizg) theI clell

apw di,h. and eff.ective transmt power |evels. A ce
cenp T VL B o Bfemt 18 GecSaryr Dy go% entemen dhaticiisiss
i ch iy d ' WL ]

o i e el 1% EnfeRh AR AR oL S0t it BB
using signal strength will place the nobile term nal
closer to the cell than it actually is. Simlarly,

Pranes®rs in the parameters associated with the antenna
may degrade the location estinmate. Cther |ocation

Thesy ateBribiahs s tORS défing WahAHROLL Walibash respect to

strength may ‘al so be degraded by these types o
locatigraspstems eFhesesire fdetecticangl inconsistegeiea betiveats tiengs may

conf el GRoLAuh e %@?pr??@%?is?eé%ﬁﬁ%}%ﬁﬁwrmr e

, > ' |y tifigd. ot her
e U5 LB SR 5 s
to rR@RbFIOtEhfidiraltiodl chanBEes FolrectiSnd REGRSRIW LR cﬂﬁ@ﬁﬂs& tlaﬁ in

antenna characteristics and in particul ar whet her
resportserina detectieddntonsistencyormi - di recti onal . Process

The following describes various processes for detection of inconsistencies
between the as configured network and the network database. The other two
aspects are described in a co-pending patent application entitled “Mobile

Service Maintenance Management” filed concurrently herewith.
Detecting Network Inconsistencies

By inconsistency we mean any difference between the actual network
configuration and the representation of the network in the network. An
inconsistency can include an absence of in the database of a network element
that is in the actual network, the presence of a network element in the
database that is not in the actual network, and /or a variation in a value of a

network parameter in the database from that of the actual database.

In certain embodiments of the present invention, the detection of such
inconsistencies is based on analysis of observations of the network signals
compared against the network database. Currently, radio network operators

typically use dedicated equipment to detect inconsistencies in the radio
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There are various aspects to dealing wth network
dat abases with respect to |ocation systens. These are:

wdeb@ausion of i nconsi stenci es between the as ceariAguomwmo1s77

network and the network dat abase; dealing w th network
i nconsi stenci es once they are detected; and updating
the systemin response to network configuration
changes, corrections to tHé network database or in
response to a detected inconsistency. The foll ow ng

netWeHE! TRES coindily dU Krby sietingd ot weltieles weith atobile radio
i nconsi stenci es bet ween t he as confi gured network and
receiverspadBPRK relceiverase maphtheoadio nemrgsq@gmls- &n ene

described in a,co-pendin tent application_entitled
x| B3¢ Feh CRF T OR AHR BRI SR A STLRe Tove For
. ti.y rew_ th. Y
g ARG SER ) xoPSh 8L HoBSHISE operators may

deplby AR tAEmBRIcIERE VélHclaab Yatvejethernka adire Bheratis @Bervice
and the representation of the network in the network.

proBlenm.nconsi st ency can include an absence of in the
dat abase of a network elenent that is in the actual
wor_ k the.gresence of a nefwork ﬁlenent in the

ne , .
Theofsilswa@g deparibssyatiqus progerses Y yaMch SEUBIKLYPSA®E or a

. val . | ) .
incof PR A n R O IR Y ok B R T op ol in
parENAOdiHAR R, & @Fert B& dFodBERtatioRY eah beRpplidd tdVrRwriBrobf
such inconsistencies is based on analysis of
the pbsessyes dtdhs samettivae pathfor kn sy neder. Adtepnativelgedchst
t he network dat abase. gjhr rently, r

di k
ProgefsiaRY, P appfied smeaftes @@Q}%a@%@f&hﬁﬁ%ﬂm@{@%t ect

i nconsi stencies in the radi onetwork. They commonly do

Thez&gbds%égé‘ic}r{si JF4he lfltet%gm ‘f(l) S%rh%ﬁlg éﬂﬂﬁ' ? LBl Er [IBGEL Vers
receivers to map e radl o networ S|gnals. In
moRAEriAY AP hSEw b Phid iiclHE 8o nsthAvd B 1aR8d h@ber of

coverage and are on the nove for
mobile terminals 20 in everyday use. Such mobile radio terminals are
continually making measurements of the radio network signals. One aspect
of the present invention is to take advantage of existing measurements and
use those measurements to detect inconsistencies. This allows the operator to
leverage large numbers of temporally and spatially diverse radio
measurements available from across the network at minimum additional cost.
In the context of a home zone solution, such measurement data is included
with zone registrations and location requests. As described herein, the
measurement data, if desired, can also be included with other messages from

mobiles to the system. This has the advantage of utilizing spare capacity

and/or existing communication sessions.

The processes by which inconsistencies are detected can be performed in real-
time or through data post-processing. Real-time processing refers to the
processing of measurements to detect inconsistencies as soon as practically

possible after the measurements become available. For example the
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significant periods of each day. For specific problens
the operators nmay deploy an instrunmented test vehicle
woQowmsiey the area where there is a service pPODIA®IV06/001577
The foll ow ng describes various processes by which
certain types of inconsistencies can be detected. The
different processes can be_applied in parallel. That
is, a given set of observati ons can be applied to one
or nore of the processes at the sane tinme and/ or in
mezswyementy woald be pladeddh y, queachmt theesystem proeesagpthieathta
. ne after .the other, or a conbinatiagon of both. The
in the,quryeas Gift 2 the HestemicaBr Posbpredesepgeclersie they

e LA 15 TR BRORS i D L0
ﬁmé.nF@y@xa&ﬁFné ey stout Bomlelhlotedsatie Qnéa%wéxﬁghfs #hen it was

continual Ty making neasurenments of the radi o networ
notgirgeexbing 100ee asgmdttaskfs t he present invention is to
t ake advant age of existing nmeasurenments and use those
measurenents to detect inconsistencies. This allows
- ever%ge | ar ge nunbers of tenporally

th ,at 1
Detsﬁzo’gg'g%'?%ﬁ{ﬁ}"gf PAYTPHSIE neasurenents avail abl e
o TGRS B T S S
conf@h&dhe WAk ?Hcdﬂsgﬁ%ﬁtﬁpﬁhrtﬁgﬂﬁ 163k 0B l(?eg'?eiihon
requests. As described herein, the measurenent data,

incarsistesdiesehn baderctel fon Reltiplednvddite MRy cIRETAAE data
fromnobiles to the system i s has the advant age™ of

whigh jin combinaticn is ivepagistent wildy thet held it theglatabase.
conmuni cati on sessions. The processes by which

i nconsi stencies arg detected can be performed in real
Depeninig BPOR 6 Pt by pbes gro cucer RN aioRtleploe
medduPERERIWaf BeGbGuird i6rder to gain sufficient confidence to act

upon the inconsistency.

The process according to one aspect of the present invention, of detecting an
inconsistency from a single observation is illustrated in Figure 3. The process

begins at step 100. At step 101, measurements of one or more parameters are

- obtained from the network. In steps 102 and 103, for each measurement, the

measurement is compared with its corresponding data in the database 50, or if
the measurement is such that a metric should be calculated, a metric is
calculated from the corresponding data in the database. Such metrics
described herein include but are not limited to calculating the distance
between two simultaneously reported cells, computing the zone detection
cost associated with a cell. In step 104, a determination is made as to whether
the measurement is consistent with its corresponding data in the database. In
the case of a calculated metric, this can be compared to a given threshold. If
the measurement is consistent with the database or the calculated metric is

within the given threshold, the process ends at step 106. If the measurement
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processi ng of neasurenents to detect inconsistencies
as soon as practically possible after the neasurenents

woeowrmasiavai | abl e. For exanpl e t heneasur enent s PGDMAUd0ds®01577

. placed in a queue and the system processes the data in
the queue as fast as the system can. Post-processing
refers to the accunul ati on_and storage of the
nmeasur enents for batch pro%‘gssi ng at a later tine. For
exanpl e the system coul d process the neasurenents when

or the cafsilatet] merremsinog comsistent gatit theakdtsbdde; dwni that
Usi ngA Si.ngl e ms remepnt Certajn inconsistencies can
meRRIGRICEE Lo ke OR TBEEe &S MCRUSImink BIFFR RCint ai ns

. wWhi i S | i i th that hel.d i .

obsRtSHAY il 1 et W24 el dthbilo SR OIR 18 in some

formg! Wilp ksnfaﬁaaufaﬁgmaﬁh%)fa SR tAlIIVNF S edcR such cell the
conbi nation is i'hconsistent with that held in the

datd abataee. is Depgradted ggaimstitital deld/ rethefd dtypasehesigadust a
I nconsi stency nul tiple neasurenents may be required in
megigampyteshusing data sioapthe-datppares dé theyeds o difeiencee

i nconsi stency., fhe process, accor di t o _one,aspect of
berphen e SRt i XS AR ERE o e sh PRt B afPeds
its 44s867afe B HIGIROIAP BRMVAL rBnbiStenky #ab bRbS detdttdd Mt thatcell.

The process begins at step 100.” At step 101,

AlleHs 5o édatifiedofronntheaiet obneaparen@ite bse tied pddsad oaco

fromthe network. In steps 102 and 103, for each )
othee pregessrsrthat take avtigns ferasalve thednegnsiganqies as aresdescribed

i GRS Sh RS R 1
AL S R B HLELB AT Do prgcs o

detdet@it ubigg ahﬁhgle’mieﬁirléﬂﬁnb iclade thiwprddesdds@llustated in
cal cul ating the di stance between two simultaneously

Fignegsar, 708 andl 9 &8s wild vp deseripeachim mone detaildestlpwrvith respect to

each figure.

Detection Using Multiple Measurements

Inconsistencies can be also detected by accumulating evidence over time or

over a series of measurements to support a hypothesis. In particular this is

required for inconsistencies for which a single measurement does not provide

sufficient confidence to conclude that the inconsistency exists. An example is
the detection of a cell being non-operational. Not hearing the cell in any given
measurement set does not prove the cell is not operating whereas the
converse of presence of a cell in a set of measurements proves that the cell is

operating.

Figure 4 illustrates a process flow for accumulating evidence to support a
given hypothesis where the hypothesis represents the existence of a type of

inconsistency. The process begins at step 200. In step 201, a set of
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cost associated with a cell. In step 104, a
determnation is made as to whether the neasurenent is

woansigsient with its correspondi ng data i n t hePCT/AU2006/001577

dat abase. In the case of a calculated nmetric, this can
be conpared to a given threshold. If the measurenent
is consistent with the database or the cal cul ated ‘
metric is within the given?threshol d, the process- ends
at step 106. If the measurenentor the cal cul ated
me#dRirehendd frasbtaieadsirsinethe natwbrlk.Na segisdii@smnd 208 fort duzh
nmeasurenent i s marked or flagged as inconsistent. A
cellieperted dn agfet ob sreasuramenisdhe obserfved, parameters are checked

ts,.of the net k 10, in, f , WL
to 66 ik e P et ol qomtains §Videgn dh e hedriothesie. Asch
sta%ﬁ%@;o%@ | ﬁ]e:e&gs PR 50kl %{ ﬁ?éggﬁieﬁﬂeﬁtgfﬂe?ﬁés %ﬁ’ Bhe
el’din at abase or agalnst a metric compute

timéPeRfp €l Ry potbasis HRatcthk abR $Enohbpehtftichal s Thesh §tbps airce
bet ween t he observed data and the database, or the

illustraiedl ascstepps 20cand 26@ tis Figuge dshothieatnse wittere dhw! d, t hen
an i nconsj stency has bgen tI(ﬂjgt,ec ed for that cell. All

meggyremes dogs pet ey the Brpethesiscthegrextsieh fs dartise dheyr e

propdfe G5 Seh@Badd RLNEO, B O6E38%md Bl AL AR AALLOMRL 1o

€ 1 nconsi stencies as are descr
supiRRY td RS bthRsE. BOsteS2En D208 Tor 4l Zif, HeNpfRakd ng
wi t h managenent of t'he detected inconsistencies.
det€paticsivehethes thef mobéde padiveesmaial @6tfemniwhichshag a
singl e nmeasurenent include the processes_ill ustrat S
mepFUEMnte wese obtaiged,dg inthegiyen zope 13 60ceBdn StapsAdd@nd

tail.belowwmth r t h figur tecti :

21Tl RA it ko BRARE R L% BREH Aok el GRbRRC radio
terA¥it ié it sgi@& B a8 khBU N PSR R\T whdt TRI1S fire

over a sefles of measurenments to support a hypot hesis.
hedrableatltel eéxpleated dignali levels gnidvediation, withinshstt zome. es f or

whi ch a single nmeasurenent does_ not provide
Comparisons between the measurements and the expected measurements
from the database enable evidence to be gathered to support or deny the
hypothesized inconsistency. As an example, the process could be used to
detect a change in the transmit power level by tracking the difference between
the expected and observed signal levels for each cell. If the evidence for the
hypothesized inconsistency exceeds a configured or predetermined threshold
(step 211), the hypothesis is accepted and the cell is flagged as being

inconsistent in step 212. In step 213, all cells flagged as being potentially

_inconsistent are collected for subsequent processing. The process then ends at

step 214. A particular example of an indirect detection process using an
accumulation of evidence is described in more detail below with reference to

detection of non-operational cells and Figure 6.

For particular inconsistencies the step of checking measurements for evidence
to deny a hypothesis can be left out. If there are no specific observations that

can deny the hypothesis then there is no value in this step. In the case of
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sufficient confidence to conclude that the
i nconsi stency exists. An exanple is the detection of a

woebd7/pgi7ng non- operati onal . Not hearing the ceCi/A006/001577

any given nmeasurenment set does not prove the cell is

not operating whereas the converse of presence of a

cell in a set of neasurenents proves that the cell is

operating. Figure 4 i |l ustfates a process flow for

accunul ati ng evidence to support a given hypothesis
detegtbrgnomephyginitat sells, Hepobsenation bea giveat il evfidénce that

t, f inconsistency. The process begins at step 200.

de“rl%‘fp @?3&’@311?81% %@e&aﬁ%a@@r%ﬂﬁhxp@h@%m thataceflham
. 5t eps,.202 and. 203, .for each ce] | .

chah 3 PESRf bRy B N e PRl Y siarhl sBR8EY Shpervations
andDRIARRIE bfalll BabBES ka8 pRAfe I1byvd1B%h i

cont ai ng e\?i dencg t hat ede i es 1‘t h‘é Eypot gfslgsifn%gsurement
cangoapuryedbat there hagnpt beangehaigaa cell in a set of

measurenents denies for the tine being the hypothesis

that the cell is non-gperational. These steps are
The; grogess;ofiasauaatlating evisienceern 2leg bermppligdrte nconsistenes
t sur.enent does not d t he
tha I I PR OB T AR5 SRl GBI e
suitdbleqBe daetibnhes aldifit S¥RLAGh Eﬂoéésg QF a%gc%ew%@é. %o
evi dence to support the hypothesis. In steps an
parti@dar,fibtheeaixhtheqressibility thabaes givieiaesdiemaenebdiebe t he
mobi | e radio termnal 20 from which the nmeasurenents
erropeps gpel frauide 3 flseindicatipnefrarviogensistensy, thetesidénce

. 209 d 21 f h [l in th one profjle
accihBRR T P2 Gitebe ke ek Bes Pt e o hiHal 17 Gne
exainpléd tHENSS 2050 mbBAE thAiE cglﬂ?\évg o%‘fﬁf@t?'a% isQlisgnhat

cell's are hearable, the expected signa evel’'s "and

heaning iaatellam ARFON 61 tvhiglh BSID66 wIHER2840630a5tRRUMESY Hab&d on
measurenents and the expected nmeasurenents fromthe

proximifp i eelbolz) A datajemorond teragatthén tik sane aelp beingor
repodr§enc¥ it g Qifferent set of observations as ARFCN 61 with BSIC 57. Within
the proximity of cell 6612 this ARFCN/BSIC combination is not found in the
database and thus the observation appears as an inconsistency. A threshold
could be set such that the inconsistency is only flagged for attention if the
same inconsistency is observed one or more times. In certain embodiments
the inconsistency detection threshold may be set to between about 1 to about
50 times, or between about 1 to about 10 times, or between about 1 to about 5
times, or between about 1 to about 3 times. In one particular example, there is
a system with the threshold set at 3 observations. Continuing the previous
example the observation of ARFCN/BSIC 61/57 would need to be observed
in 3 separate observations before the inconsistency would be considered to be

evidence of a new cell. This is illustrated in Table 1 below.

Table 1
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hypot hesi zed i nconsi stency. As an exanple, the process
could be used to detect a change in the transmt power

woOevwl4dg7t racki ng the di fference between the egpastes/ 001577

and observed signal levels for each cell. If the
evi dence for the hypothesized inconsistency exceeds a
configured or predeterm neg,threshold (step 211), the
hypot hesis is accepted and the cell is flagged as

being inconsistent in step 212 |n step 213, all cells
Serﬂf@@éﬂ as b&lmdqgyonenti al ||yCoumtonsi st ent BEreensistency

coll ected for t prjocessing. The |process_then
ends at steaw ticylar exanpl e of éﬁp?’ﬁﬁrect

6619et ection prggess USiNg an [gccunut ati on of (gvi dence 17s
described in re detail beﬁbMImﬁth referéﬁ?e to

218det ecti on of 6nps operationadlp cell's and Fijgnpe 6. For
particular inconsistencies|the step of chlecking

661%easur ement 561057 evi dence & deny a hypot|¥si s can be
Heft—eut—+—there—are-no specificobserviations that

can deny the hypothesis then there is no value in this
step. In the case ofdetecting non-operational cells,

A SRR B B0 ) e ER Ming co

CorftitighBeRe abboe E%FRE &R ARPEN /HRO G 57 AR HecBAWHe
| evel S the variabilTity of signhal strength observations
obseirvetdrwithtdelléi6)2 Srtirhes béfang e imedesitienppwesulidectreatb i at
a_si.ngl e surenent cannot prove that there has not
realy, eﬂﬂs aV%\ﬁf;EE% praplenpelidesams ingensigiensy ifvam slistigtc e
.appli.ed to inconsi,stencies that, are.
seof bR iR iR S e s chrarieency:
ThidexHpRSis S ableg 11800 i tection
1pr ocegs gsméléescri bed Xz&%g@g% Fﬂarﬁg‘ra?’lle?u g?fe%ityftﬂ?here IS
obs¢ivatipassithiskitiyig chh 2186135 tgbated asvaepaRIte Mcomikstdify with a
erroneous and provide a false indication of an

separgéisidentsoynt Hus isillustretedaiancTahle athebowpr ocess can

be used to nmake the process nore robust. In one
Table 2

Serving Cell Unknown Count Inconsistency
ARFCN/BSIC Reported

6612 61/57 1 No

2186 61/57 1 No

6612 . | 61/57 2 No

6612 61/57 3 Yes

The trade-off is certainty of decision versus time delay in reporting the
inconsistency. The more certainty required, for example a higher count
threshold, the longer it will take to gather sufficient observations. If a
measurement indicates that a previously observed inconsistency is no longer

present, the evidence is reset, for example the counter would be set to 0.




10

15

20

25

exanple, there is a GSM nobile that is canped on cell
6612 and is also hearing a cell on ARFCN 61 with BSIC

wo@owhuglt7r esol ves to cell 4459 based on proxi RCTAUTR@G/001577

cell 6612. A data error on 1 bit results in the sane
cell being reported in a different set of observations
as ARFCN 61 with BSIC 57. Wthin the proximty of cell
6612 this ARFCN BSIC conbihation is not found in the
dat abase and thus the observation appears as an
Optipralhsa sineercspuld betassediatied veithibd ibeorsistenachudthttat ithaust

be Sl acufBby ol hes YishiBeh Gmg winclasy %E%qirg Copieiling fhat
L O PR .
of thé detectiohs Redvuerihed Rtk tHe ééhfﬁ.g!éﬂ tifHe WiBSw £hd the

bet ween about 1 to about 5 ti or between about
numberafdncidents emmtedn 16 the qarttiequhbrorexaspd ethet thesshold,

a syste ith the threshold set at 3 observations.
thefé:&*ﬂ%/ ‘FQRFT%%MOP ﬁ%’ff&iéf}? Birongistansy existe thiseppapadnhaeg the
vaRE . d.t.0 be observed in 3
advag pagrya(?zhggg%ét\%ﬁé% g%c, eg ?D‘é’r datpCErqrs m%ﬂ & fEpeched fybe
D& ez R frode h ' i eSud;
o iI'lustrat ed@cﬁlr{h g?%?ﬁv %gpgﬁﬁ%fg%fl%f‘%}{rt?ﬁgf causifig an

incorsfsterayetot beraldady bendludad ke exiserepiorteat. i Bhé titlemenddie can
serVvi n%écel [.. Continuing the above exanpl e the

be capfigiy e C Hmewindena coddavary aser ebyunbetomanges of time,
for S0 Wl SBE{ AR ab R ANTGDR L P Sl T
or fidH abd11e D €8 abolif BhithatdsNok f‘g’?‘ﬁ abaabo ‘E@hb&&?@h{)ﬁ&s or

being treated as evidence o e sane 1 nconsistency.
fronilabeut® dopbeut 48 holiss tordt@d dbyue10secinis toR®oul 860E!

whereby the_ observation with serving cell 2186 is
secqrydsa og drqm akbows pA secandsito aboit Behescomdsh a separ at e

incident count. This is illustrated in Table 2 bel ow

Table 3 illustrates the method by extending the example from table 1. The
time, in the example measured in seconds from an arbitrary epoch, at which
an inconsistency is observed is noted. The number of occurrences of the same
inconsistency within the configured time window, in this example 300
seconds, is counted each time the inconsistency is detected. If the threshold is
reached within the time window, the inconsistency is treated as real. In the
example the threshold is 3 and this threshold is reached within a 300 second
window at time 23872 seconds. It should be clear to one of ordinary skill in
the art that the inconsistency criteria can be extended to include the serving

cell as described above and illustrated in Table 2.

Table 3
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Table 2 The trade-off is certainty of decision versus
time delay in reporting the inconsistency. The nore

woent7ausit7y required, for exanpl e a higher counPCT/AU2006/001577

threshold, the longer it wll take to gather
sufficient observations. |If a measurenent indicates
that a previously observed Jnconsistency is no | onger
present, the evidence is reset, for exanple the

counter would be set to Q. Optionglly a tiimer could be
Sergingci at|ddnkimewnan i n¢dlimiest ency |Cmimtt hat | Thconsidtehey

et ect eq f tines within a tine w ndow before
Celgoncl udi dﬁ“?ﬁﬁ?ﬁ?ﬁ i négssen ency °é7>‘?f§99. NReRorted

i nconsi stency is deteg¢ted the pastseggﬁ,&sory of the

detections is_exam ned over the ¢ Igured|time w ndow

on
6612nd t he |6dyfb2r of incid2sités countlad.. |f thejgount
or—exceeds theithreshaold, {then the concl usion

__egual-s- _
21865 that {OAEST nconsi st eBd§llexi sts|IThi s appf dach has

Hreohsi-stenciestcaused-byidata errors

: + acly bt S~ Af
661 i ch ar éizszect ed to g\%%rzare everdts from adounul at i ng

ver a i eriod—arng tuat--y seatstRg—an
1|anonsi s,t%gz?:{/) to be faPe¥d concilGded to eki'es

reported. The time W ndow can be configurapte. TIme
w ndows could vary over a nunber of ranges of tine,
. for exanple, fromabout O to about 24 hours, or from
In cettoirnt efibodinadintst the widow emay bodefihelin frh ¢fidhubiber
m nutes, or fromabout O to about 6 hours, or from
of oppeHiunyiesPreseRied 48 the sysfemoin Whish the @mormstmomgy teo
secqnds r. from.about, 10 secpn t o about,
dend B0 barBE et 6D o Plaphed Hios Ach@xIbIRaY sy CppOrinity
900 &R e -
o O LA M SAT B oSkt % kel obl Lot il e

servar wire thamdssagnsirghgnaiidicmebsigentais s Aei@ibedhein.
nunmber of occurrences of the same inconsistency wthin
In seme ipstanrep, thaisistens may dewonfigurdd o xeqauine the 360nber of

detections to exceed a threshold and for that number of detections to occur

within a number of opportunities.

The detections threshold may be set to between about 1 and about 5, between
about 1 and about 20, between about 1 and about 100, between about 3 and
about 10, between about 5 and about 50, between about 20 and about 100, or
between about 50 and about 1000. The opportunities threshold may be set to
between about 100 and about 10,000,000, between about 200 and about 1000,
between about 500 and about 2000, between about 1000 and about 5000,
between about 2000 and about 10,000, between about 5000 and about 20,000,
between about 10,000 and about 50,000, between about 20,000 and about
100,000, between about 50,000 and about 200,000, between about 100,000 and
about 500,000, between about 200,000 and about 1,000,000, between aboﬁt
500,000 and about 2,000,000, between about 1,000,000 and about 5,000,000, or
between about 2,000,000 and about 10,000,000. As an example, consider a
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seconds, is counted each tine the inconsistency is
detected. If the threshold is reached within the tine

woiodoMg17t he i nconsi stency is treated as real . PCIVAUR@6/001577

exanple the threshold is 3 and this threshold is

reached within a 300 second wi ndow at time 23872

seconds. It should be clear to one of ordinary skill

in the art that the incons?%tency criteria can be

extended to include the serving cell as described
netalok evith @000 tellstarat enl aiverapaleaeh Messagd eorthining radion

enbodi nents, the w ndow may be defined in ternms of the
mepgiHBEIENGS CoppBIstuealls; don@mverage aeelt mdieating an ifongistency

T R e A
a rei‘i?)g'?é'd’ FcBAsisIERP S SRR N S prbFideCCRaRdndtle AKBRASGY that

m a nobile by the server ere the nessage contains
theriachrsisteasundlibe tdetaded @sceritetid doatdbe spédifisdae 3
i nstances, the system nmay be configured to require the
detpehians withig d0Qteppergunisiesxceed a threshol d and for
t hat nunmber of detections to occur within a nunber of
opportunities. The detections threshold nay be set to

) ’ t about 1 and about
De%f?%l»ggplv\lggoﬁyé %’ﬁ? H(cljmg%gw%%oeﬂt 6!\6@ eelgsetvveen about 3 and
. : oMt t e
rig RO o e U502 SRR s R R
not i&he BReIBad8 ok fFGBwhithESHIObSmidRY cHIBiFeeitiflcatiBRIpAPSMeters
about 100 and about 10, 000, 000, between about 200 and
doesbmitmd@bGhabit thealatalivsat 500 and about 2000, between
about 1000 and about 5000, between about 2000 and

about 10, , .between out 5000 and about 20, 000
S’fabtg%&éteﬁea%@at the proeess ARkesns et Boroowaspameits aj sisp301

o 0SB S PSR 0 ROty

information against that in the database as shown in steps 302, 303 and 304.
Using one or more of the techniques described elsewhere in this specification

the cell identifiers included in the measurements are checked.

If the result of this processing indicates that the cell identifiers are not in the
network database, the cell is flagged as unknown in step 307. If the result of
this processing indicates that the cell identifiers are known, then a check is
made in step 305 to see if the known cell identifiers are consistent with the
network database. If not, then the cell is flagged as inconsistent in step 306. In
step 308, all of the flagged cells are gathered together for subsequent
processing according to one or more methods of the co-pending patent
application referred to above relating to management of detected

inconsistencies. This process ends in step 309.

The following provides detailed examples of carrying out various aspects of

the above method.
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about 500, 000, between about 200, 000 and about
1, 000, 000, between about 500, 000 and about 2, 000, 000,

woebomyasi7about 1, 000, 000 and about 5, 000, 000, ®CT/AU2006/001577

bet ween about 2, 000, 000 and about 10, 000, 000. As an
exanpl e, consider anetwork with 2000 cells and on

aver age each nessage contajni ng radi o neasurenents
contains 6 cells. On avera%g a cell indicating an
inconsistency will.only be present once every 333
nmesBatpssinglénleown £edhBised aroHiigienkdentifitera report ed
inconsi stency is valid and to provide a reasonable

The oheervatinniof asell IR dhatis met psesent in thid netbmriietadatiasd t he

ol R AT A
SR bl B 1 1 LA A R g

opetditortid tbal ane i thd databhdes A RNHremat@icly f&hbved from the
identification paraneters does not natch that in the

datehasgheise celbassigned) the wierg B 00 the hetworbomsia thaklatatase.
or nore neasurenents at step 301 of the network
sighal s .an ompares .for, .each neasurenent the cell
Ong Gitfply 8 iaﬁ?%]}ﬂ%#%ﬂ n ydhidka T Pase staHen aie dbsialied. At
this$ ' t - 4 10Q r re
ISRl S (R b v B Pt s RN 1G0R 4 BRSOl
dats pssoclatedivitntHdie nedt dellsdRBinok bees updatddigdo e hB&vork
nmeasurenents are checked. If the reSult of this
datghase e dsseti@f inmetissaementstiashowe indlable 8balavw. The spstermnwill

inth dat abage, the cell is flagged as
detsel ke GrlTTR S0 25 i colfSnthe Gell IR ibhaidesarenent
LT o< ) that the cell identifiers are known, then a
ulﬂ%ﬁg%§£%§§nade in step 305 to see if the known cel
identifiers are consistent with the network database.
Tabld4 not, then the cell is flagged as inconsistent in
step 306. In step 308, all of the flagged cells are
thered together for subsequent

CellID | ARFCN | BSIC
25070 |95 38
25071 |81 59
25072 | 67 46

Table 5
CellID ARFCN | BSIC RxLevMean(dBm)
25071 Unknown | Unknown | -83.0
Unknown | 71 61 -92
Unknown | 67 46 -99
Unknown | 69 43 -103
Unknown | 73 34 -103
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processi ng according to one or nore nethods of the
co- pendi ng patent application referred to above

woebetusig7t o managenent of detected i nconsi st eRCTAI2006/001577

This process ends in step 309. The foll ow ng provides

detai |l ed exanpl es of carrying out various aspects of

t he above net hod. Det ecti ng %L/Jnknovvn Cel |l Based on

Uni que ldentifier The obsef¥ation of a cell IDthat is

not present in the network database represents an

I nconsi stency between the as configured network and
B K 7 RS 11 WESRAR R s Bt sl i he
art hoer tiedppinghe neethet lto piisraiadichtesSRRMAG Ji@Buchis UMTS,

dat abase, or a cell assigned the wong IDin the

wOR, annd CHOMrel%%.abase. One exanple is a GSM
systemin which a new base station site is installed.
At this site there are three cells with paraneters as

T e e R

SUr n is shown i.n Table 5
B AR a0 ol PRATHERTAN By el Pp et s "an
SEkRANW eRRhS | D i Witdi
assdat abaslet?l%%{al%igz 5491%%%&5 Beg}g\ggéﬂotr?q?l tﬁﬁzggfn%% glﬁ%%wﬂéé}l\?/l%e
vicintityvafithe bervihg aellt Bailtneste firid amditoh fyr el pdrtinhideneityr t
how to apply the nethod to other radio access

indicaien8) BigPasistancy bssvemrthe emwmfizyoed ngivodomd e 95,

IR RN el MR ATt L

oo Pl SISET TR O I 8 L

netwioek; premature removal of a cell from the database; incorrect partial
identifier information in the database; incorrect coordinates for the serving

cell, and incorrect coordinates for the neighbour cell.

One example is a GSM system in which a new base station site is installed. At
this site there are three cells with parameters as given in Table 1 above. The
data associated with these new cells has not been updated in the network
database. A set of measurements is shown in Table 6. The system will
attempt to identify the unique identity of the neighbour cells that are partially
identified by Cell ID and BSIC. A search within the vicinity of Cell 26078 fails
to find a match for the ARFCN/BSIC pair of 81/59. The failure to match the

identity of this measurement indicates the presence of an unknown cell.

Table 6

CellID ARFCN | BSIC RxLevMean(dBm)
26078 Unknown | Unknown | -87.0
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vicinity of the serving cell. Failure to find a match
for the partial identity indicates an inconsistency
woebomwasi7t he as confi gured network and the net ROTIAU2006/001577
dat abase. The failure, however, cannot be attributed
to a specific cause. Potential causes include, but are
not limted to, a newcell _in the network; premature
removal of a cell from the®Hatabase; incorrect parti al
identifier information in the database:; incorrect
CellHDdi ngARFONr tBSIGer vi nBxEevMeaa(dBmjgor r ect
coordinates for the neighbour cell. One ¢xanple is a
U@SNPW‘St@n in whi®h a new¥3se station site is
Ui statted /—\ti—hli"Sitctltgcai‘ethlcc gells with
P& IR 3k as gi in TapPd 1 above. Thé data
URRRGHALEY W Th Tiese new gggTs has not theen updated
In the network database. A set of neasurenents is
Ushkawn n73abl e 6).34The sysfggewi || attenptl to identify
the uniique identiity of the neighbour cellls that are
partially identified by Cell 1D and BSIC. A search

Wittt & el ol SEWRR R for ERPs Tl et el

conlt@nBRtpEHibN@pydshthetietwork BafabaBASHEBRAENERS E&RDES
the presence of an unknown cell. Table 6Were a system
detected ét wonie citcampstancesovhenedhp lobservedhidestifiei contradict the
term nal, contains a _partial copy of the network.
dat b bl

atifhe anobilpeprtpise 1Whes pagtialjdenitiensiaag repordesyin

of ces wher.e t ohseryv Ldentifiers
corfi IR BT Tt il PREPHEH 14 SRiark £ be gross-
ref&@ﬁ&écﬂé@iﬂ%’efﬂrﬁ&lﬁe S HIRPOTbLExARpRO N heGhbBile Widi 2
uni que Tdentifier, the partial identifiers can be
termired soafanes cefdrageito ESNNEILHD Gdb4T détht ARFEIN 5%Fand BSIC
exanple, if the nobile radio ternmnal contains a
51 hgrliserves ¢l HaRAtE on AREUNAR and BSIGRECHhesvamind BSI C

mc&#é'ﬁ‘étgﬁ%%se{)é’eeﬁd&%&eiD 24141 on ARFCN 32 and BSI C 27

Based on the example for GSM given above, it will be clear to those of
ordinary skill in the art how to apply the method to other radio access
technologies such as UMTS, using UARFCN and PSC and CDMA 15-95 using
the channel number / PN offset.

Detecting Unknown Cells via Zone Detection

A mobile radio terminal will not necessarily store the entire network database
and hence may not be able to identify all of the inconsistencies discussed
above. One aspect of this invention is a method for a mobile radio terminal to
alert the server 30 to the possibility of there being an inconsistency between
the as configured network and the network database. In a zone-based
location system the mobile contains one or more zone profiles and each such
profile contains a subset of the network database. The zone detection process

evaluates the difference between current measurements and that expected to
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i nconsi stency has been detected. Based on the exanple
for GSM gi ven above, it will be clear to those of
wonadi7nasy7skill in the art how to apply the nmepbodAtee/001577
ot her radi o access technol ogi es such as UMIS, using
UARFCN and PSC and CDMA | S-95 using the channel nunber
/ PN of fset. Detecting Unkg%’)wn Cells via Zone
Detection A nobile radio termnal will not necessarily
store the entire network database and hence may not be
be sebhdntacgiveemoné ps defined byHbe ipnofilesos tieatciope. dashussed
above. One aspect ogpthls invention is a nmethod for_a

me g ETenE RS AORtANLOR bo i deqision e to avherher thamebile is

i
in BB 2006 b el LB RSB RE R b BRI RS R e
pordicAQ¥ehe @%@i@ldrpﬁﬁﬂl@ Rhé&y ﬁ{@éﬁrﬁﬁﬁtm i @e%g&ﬁé@ high AR cell

or nore zone profiles and each such profile contains a
renswesletlf af a resulhiemnokile aadibaerminkhés desmed éd be twithin the
prqcess eval uates the difference between current
Zonﬁe patedawithdhe expreuranenbbdlagged as rrenregen@ng an

th f le f t hat
AIGeRSrehr Hdicatits rOGHPh fot Pt o Slersh ke (o
deeﬁﬁ‘ﬁ Bgfllﬁcﬁﬁt A% ©f He &&ﬁoﬂ'rﬁﬁ?lczsoﬂaﬁug.ﬁﬁ@ IJJr’a@n of the

Si ngI measurenent 1S responS| e for a si g |can

cospdedrned signifitemtdeaid bein thed fange df abdbut m(e%&@ra%haw%n
is repeated with that cell renoved. If as a result t he

aboih b foetoradpiug 30 & #bﬂ‘at 13% taebautit@’%, afeouti20fh to abatddie,

abolb oot P pReuidE hABoRERIY: TRecRtiIaUpar (1 on

BT A S R
Conﬁ?uté(tﬁ)m ofthedeat ik shahidvieGatienGhitink heetwollheetingge

about 10%to about 80% about 10% to about 30%

bzflbout 15% t o about 40% about 20% to about 50%
Table 7

CellID | ARFCN | BSIC | RxLevMean | Sigma
25068 | 95 38 -60.0 9
54763 | 81 59 -88.3 9
18322 | 67 46 -92.1 9
892 71 61 -98.7 9
18581 |73 34 -103 9

A GSM radio zone profile is given in Table 7. In this example, a new set of
measurements is available as illustrated in Table 8 below and these will be
used to evaluate the zone status against the profile from Table 7. The ARFCN
and BSIC are not available for the serving cell because they are not reported in

the Network Measurement Report (NMR) data.

Table 8
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about 30%to about 60%
technique is particularly useful
woamrigsi’oned cells and errors in the confi gur aCraw2afe/001577

about 40%to about 80%
for detecting newy

The

the network that have arisen during a network retune.
Table 7 A GSMradio zone profile is given.in Table 7.
a new set of neasurenments is
available as illustrated i Table 8 bel ow and these
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cost
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i bution
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cos by MR ¥ Ptk St b e RAGERoRl b "
CellID | ARFCN | BSIC Profile | Measured | Cost
RxLev | RxLev
25068 95 38 -85.0 -89 0.20
54763 81 59 -91.3 -90 0.02
892 71 61 -98.7 -92 0.55
18322 67 46 -92.1 -99 0.59

The calculated value for the single unreported cost is shown in Table 10. In

this example the unreported cell is not included in the cost because it would

not be expected to be heard given the levels that the other signals were

reported at.

Table 10

CellID

ARFCN

BSIC

Profile
RxLev

Threshold

Cost
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Thus

process can be used to identify the presence of a new

cel |
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detecting cells that are in the network database 50

Q n t.ional cess
TheiatiOhen 2BRoR: 4% P AP RAALONBL. s TRA BERBESS:
ThifekUeal tad lrﬁil%\ﬂé)tlwreé‘ffald %@@b%%ed ﬂhettaﬁtls parfa%%av qthel Q11
a nmeasurenent set, the cell is deened be operating
is nahmchaim:butm zremuedmtmdthmt i'The B)tailoiosbisatcﬁ/tr iloflalTHes

set to at steps 402, 403 and
threshold at the 80% probability level, derived from a chi-squared distribution

a

with 5 degrees of freedom, is 2.34. The cost is less than this threshold and

thus excluding the cell with the large cost would result in the mobile being
10  declared in the zone. Thus the cell 49844 is declared to be a new cell. The
same process can be used to identify the presence of a new cell that was only
identified by non-unique identifiers (ARFCN + BSIC). In this instance the
presence of the unknown cell would be detected but its unique identity would

not be known.

15 A mobile radio terminal can only measure cells that are in its vicinity. Base
station coordinate errors may be detected by identifying measurement sets
that are incongruous. Various metrics can be used to evaluate the likelihood
that a cell’s coordinates in the database are incorrect or that a given set of

measurements contains one or more cells with suspect coordinates.
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404 by setting Cell Cost = 0 and Cell Count = 0. If

the nobile radio termnal 20 is in a zone, then there
wexhEtEstsne opportunity to update the evi dencePChaU2006/001577

cells that have not been reported may be

nonoperational . Fromstep 405 the follow ng steps are

taken for each zone being nsi dered. A zone is a

region within the nobile rddi o conmuni cati ons network

10 that may be defined by various neans, including
Detepigag NowsOiptetssidonal @Gly  AU2006/ 000478 entitl ed

"Enhanced Terrestrial Mobile Location". In step 406, a

In aggtgiven masunemgnwethasxmemmfmeqelkdwsms proafcthat the

R RS o, M n ar pue, mlhgse ey
glvér?' sétrbf‘i‘fle eﬂfen‘éMogsq{bec nelc %H.g;l E&% Hita n £ r%%? ﬁl% QEB §eﬁ] is

det ai | I'S Sane | ncor pora ¢;

not 40 rreal c?ﬂﬁatm A&corairty 9 ceOadiRbt 6PER iebdnt! 1Hvé1t['t‘?on,
zone p?o %hetherhﬁ%e cel | mas repgﬁ‘é It

progess tevletroncells s1spected afeidt opsrating mrieraatumgﬂaiﬁ ewmiatced
in ste conputln t he unreported cell cost and

From) G 5 oh 0e 25 S SHi SRSy Bb Slouhgime o "
eterm ne
declsflif GAFPDe s A Ehs, o B8tonal bl dorisen el o' o1 op

410, the collected evidence is conpared with a

Figuteréeghstdtes pidiess fawdor a@técﬁﬁﬁ%@ny mdtaketh H{Hﬁ@cw&rﬁd
cell cost is greater than the threshold for the cel

datahaga 60 biut avhich @pphaethiot donopexateatddhe pmee@lidﬁms iat
stepd QI8 s S et O Tituiorhiak GtppACe For each eoll
l. | ected .for further
LB R, AREL A 8021 8 SRLLBELER Lorpl it o
henéx@igdv@deh&@ thaeias hbf‘g é‘l%@i@)l?ﬁf Atesnal OCeﬁlslte%)s%Ze&éé 894

Non- Operational Cells at Server Based on epofied
404 by setting Cell Cost = 0 and Cell Count = 0.

If the mobile radio terminal 20 is in a zone, then there exists the opportunity
to update the evidence that cells that have not been reported may be non-
operational. From step 405 the following steps are taken for each zone being
considered. A zone is a region within the mobile radio communications
network 10 that may be defined by various means, including those described
in PCT/AU2006/000478 entitled “Enhanced Terrestrial Mobile Location”. In
step 406, a determination is made as to whether the mobile radio terminal 20
is in the zone. Again, various methods may be used to determine whether the
mobile radio terminal is in or out of the zone, including those described in
detail in this same incorporated reference. In steps 407 and 408, it is
determined for each cell in the zone profile, whether the cell was reported. If
not, the evidence that the cell is not operating is updated in step 409 by

computing the unreported cell cost and adding this to the accumulated cell
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In one aspect of the present invention, a neans and

nmet hod is provided for detecting that a particular
waebomwmgi7cel | is out of service. This is done BeTAg200e®01577

nmeasur enents observed by one or nore nobile radio

termnals. The detection process uses a netric

refl ecting the expectati or]%{)f havi ng not observed a

cell given the other cells that were observed. Wth

each set of measurenents the netric is accunul ated for
coskapdhincemeningdhe celf connty ffdhe zell indeteperingd tmbé repuated,
th the accuaulgt ed r{Etri c is evaluated and deened to

© PERTSEP ANPREETEP& 8Nt evi dence that the cell is

currently operating. For each cell present in a set of

measurenents the nmetric accunulator is reset.

Different nmetrics can be used to determ ne whether a
In stegd 410, shopaliatedavideate Bomparedavigh wehrdERad3d TR TRR case,
.. .set the probability of not reporting a given cell
if the; agepmuletedyzuepetediqgHapstis greatentharstheriiresboldrforghe

per at i cul gt ed. These

o e OB BEAE B 9,T Si BE enon

: j o] e t1l i he
opeSHRingd i ScpR110]n SERSHOAATANS that IINCHBRADIHIS (<o
potentidilyestriob@erdtivnaduaapdlRctb b fuither pRbdeséinf! agged as

non- operational. Wien a cell is present in

measurenment set, the accunulated probability is reset
Thefgllqwing, seqsiensprovide defailed exmpples far detectisgironsuch as

o e%@gﬁﬁ@igiquared statistic, for each cell and

PeY F ﬁng the statistic by adding the val ues over a
series of neasurements. Wien the accunul ated statistic
exceeds a defined threshold the cell is deened to be

norpeweetial NUIRDpevhtibhel Calld al _§e14%ﬁﬁﬁ£1édt of 6311’%(%/1@9»1 Cost.

nmeasur enent set the statistic Is reset o)

R e S R R
detacting thets prcieiar sevdrlicellinget of seaniceFhis is done using the
measurements observed by one or more mobile radio terminals. The detection
process uses a metric reflecting the expectation of having not observed a cell
given the other cells that were observed. With each set of measurements the
metric is accumulated for each cell. A cell is flagged as non-operational when
the accumulated metric is evaluated and deemed to contain insufficient

evidence that the cell is currently operating. For each cell present in a set of

measurements the metric accumulator is reset.

Different metrics can be used to determine whether a cell is operational or
not. For a given measurement set the probability of not reporting a given cell
given the observed signal measurements and assuming that the cell is
operating can be calculated. These probabilities can then be accumulated for
a given cell over a series of measurements by multiplying the probabilities. If

the accumulated probability crosses a threshold, for example 0.005, the cell is



10

15

20

25

configured interval is flagged as non-operational . Yet
another netric is to accunul ate the nunber of

woreEagITent sets that have been processed si neeTatealsl01577

was | ast reported. A cell is flagged as nonoperationa
if it has not been reported within the nost recent n
nmessages. Such a netric av%d' ds the fal se alarns that
ti me-based netrics can generate during quiet periods
such as the early norning. In one enbodi ment for a

flagged msoneepdratanab iVhestecrellsis piesent RCA/mddd20a6Lnt set, the
000478, the process at the server operates on all

acc “ﬁ%teﬁirPfPﬁ%gli}EfWem]ch feature in one or nore zohe
profiles. For each of these cells the unreported cost

An(i)tfle?g?ﬁgy Fsaltoeé?)rﬁ f 4 LedRsfc &?c?{ %sﬁ{he? i THASHLHER R, for

yi e arge unreported cos e renai ni ng

eachcell bhé aetem@idting e dafistdopfad@ing theQialid€over a series of
nmeasur enents. The general process 1s to exam ne each

measgrementst Whenithe ecauonulaged statiztio exqueds ial defirednibireshold
reported i iven set  of urepents. | f the_ cost
the gl i %ﬁ%‘ﬁf tpé BBP_tC&zfre%WalinSfa @E&%ﬁg‘? Brefent inagiveind
medfilmbhi Sot 4L bRt WGP fGe remaining measur enent s
I ndi ca e nobl

e tha € I's’in the zone, then the cel
is deened potentially non-operational and the evidence

Yetbaothip paétrictib te atGirAGRIETHHAERE. sicel ScddPWRB Thsk PEpdrtéd .t &
to be non-operational and consequently all cell’s

cell thathashattbeeh anclyided ineuheasveement seifonidrgealtharl He
s are due to the resources shared by

.easons for_ thi S
conégpre(ggmt%rvgl 15;1%&%1; as l?’PIbQP?Watt,lﬁ’lnﬁf power and data. It

shoul d be clear to those of ordinary skill in the art

Yet %Hé{he% I?ﬁet?ﬂcqg Ed %ﬁ@ﬁ&ﬁa H%frgur%@r ?% &%a?xﬁre%?eqjltisgg t?lgl’aa

site basis. node operation the unrepor
have beén ipfo@gseibinat dell was 1861 repotRdD 38 ksl i RAgRACAS Wn-
these cells the unreported cost is accunul ated each
operatimnadifribhasnot been reported within the most recent n messages.
Such a metric avoids the false alarms that time-based metrics can generate

during quiet periods such as the early morning.

In one embodiment for a zone-based location system such as

PCT/ AU2006/000478, the process at the server operates on all cells in the
network which feature in one or more zone profiles. For each of these cells
the unreported cost is accumulated each time a new set of measurements
yields a large unreported cost but the remaining profile elements yield a good
match for the measurements. The general process is to examine each cell that
relative to a given zone profile is not reported in a given set of measurements.
If the cost of a given unreported cell is deemed significant and when this cell
is ignored the remaining measurements indicate that the mobile is in the zone,
then the cell is deemed potentially nén—operational and the evidence to

support this is accumulated.
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of nmeasurenents yields a |arge unreported cost but the
remai ning profile elenents yield a good match for the

woreEmagiTent s. | n physical term such an obser variaanoos/001577 .

indicates that the nobile radio termnal is located in
a place where the neasurenents are consistent with the

profile but this particulaz cell is not reported. Each
time a cell is reported however, the accunul ated cost
is reset to zero since the cell is clearly not in an

It ieamagwrsfos eesitethdefmin-operagiotieband ponsequehtly sl @dls doated
¢ cenario chf"’ed in a GSM network in which, a nmeasurenent
a tﬁ%ﬁfltfswgu gaonmRSsaHeRY. ¢ bhg reagpppiqrihis areclyq to the

s8N BP0l e T BB UE G 0 it

be @¥anl hos@oNeMifgty HillTR IR AATRAE thel oM Aih L& B can
illustrated in Table 13 bel ow. The A%CN and BSIC are

alsibe applied bl assifedbastis elnsthis/inogle o ldpebsiiautie tineypoated cost

. nhot reported in the NVR data. Table 13 The total cost

18 aF@*‘@’a‘f%ﬂfﬁQf‘@dP%Fsﬂ’@e@@ﬁ-bed in previously-incorporated
PCT Patent Application No. PCT/ AU2006/ 000478 by

. . e
For e o I R e T b AR RRORR Mad ot Mot Thing ampag set
of th@dsurb@eiBd FiORTS LRk fe GASForldEcsHl DR thdrel@Rinthgl profile
represented to 2 deCi mal pl aces. Table 14 The
elemghtsyfiatdeal goad meatthfor the meagirements i pbg sicabterirs such an

shown in Table 15 Table 15 In this exanple, since the
obsgrzatinneindagatesthat the mabile radintesmirgl 13 lgcated ea plackods

wh gtglrﬁl}-kg%drgmeﬁgvirguc%lnglsjcerr]l QB Y Eldofﬁggﬁt 3 %%%cular cell
is not reported. Each time a cell is reported however, the accumulated cost is

reset to zero since the cell is clearly not in an outage state.

The following description illustrates a scenario based in a GSM network in
which a measurement yields a large unreported cost, such that a cell outage

may be indicated.

This example uses the profile defining a zone as shown in Table 12.

Table 12
CellID | ARFCN | BSIC | RxLevMean | Sigma
25068 |95 38 -60.0 9
54763 | 81 59 -88.3 9
18322 | 67 46 -92.1 9
892 71 61 -98.7 9
18581 |73 34 -103 9
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(referred to above and herein incorporated by

reference in its entirety),
woabwr@4i77- 105 i s used. The cal cul ated val ue f B8CTHAR006/001577
is shown in Table 16: Table 16 A
suitable threshold at which an unreported cost

unr epor

ted cell

cost

consi dered significant en
out age detection is about

an unreported threshold

is

oggh to be accunul ated for

.0 for exanpl e.
any other suitable thresholds could be used,

However ,
such as

In thistevmatpl@ andw(sed of theasarindntb is dvdllablelagiliseiatdbinEsble

and 5.0 or

between 2.0 and 6.0 for exa

| e. Having

13 llfé‘?‘é’r e ARG and BRI axe ngt ayailablerfos thesarvirigelldbacatise

the thr

theyafe bl £ Pt K S48

before the cost can be accunulated as evi dence that
| is not operating. Using the process described
in previously-incorporated reference PCT/ AU2006/

Tabld13 Cel
000478,

the zone status is cal cul ated but

ceeded,
was expect ed

there needs to be a

to be heard

with the

CelhiI2por

tARFCN |

iBSHliest i

t hr eshol

dixbetMeangiBia)

dwhi ch the ot hef

bd in the
costs nmust

Wd‘énkn@wnt

h§3@nreported c

)St to be

ctot
Ro

CIIICUII

me way

LIIC L;

gglygruihe zon

ni - squar ed
b st at us,

UARSOWE

countin

gt 0 acco
g the unr

the nu
eported G

er_of constr
oAStraints). In

ints (not
t he present

Uskiaoiwh§
The chi

,69 he tot
-Sq thres

a3 nunber
hol d val

9bH3 ot her const
e is obtained a

raints is 5.
5 the 90th

Unlencwnt

wi-t-h-—d

i13e from

t3e Chi Sq

freedom

20%ul ati ve den

5ity function
cal

approximation to this function,
the value is 9.2. The total

The%FQ?tCBPifig §8%§ﬂasteh s Yed ity FI fev1$ussl}§-lrtlc%%1go}a

pl ace,

oar eces.. of
egrees—od

Usi ng a nuner i

rounded to 1 deci mal
of mat ched and

8d°PETS

Patent Application No. PCT/AU2006/000478 by summing the costs

corresponding to the matched, unmatched and unreported cells. The

calculated values for the matched cell costs are shown in Table 14,

represented to 2 decimal places.

Table 14
CellID | ARFCN | BSIC Profile | Measured | Cost
RxLev | RxLev
54763 |81 59 -88.3 -83 0.17
892 71 61 -92.1 -92 0.00
18322 | 67 46 -98.7 -99 0.00
18581 |73 34 -103 -103 0.00

The calculated value for the single unmatched cost is shown in Table 15.
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In the exanpl e above, the nobile is determ ned to be

in the zone if the unreported cell is ignored. This
woanicagid7wi t h an unreported cost that exceedsPCIRAU2006/001577

threshol d nmeans that the unreported cost is

accunul ated towards the cell being declared

non-operational. The cost is accunul ated by addi ng the

current unreported cost to4$he accurul ated cost. Once

t he accunul ated cost exceeds a threshold, the cell is
Tabledbar ed non-operational. Any tine the cell is

observed, the accunul ated cost is reset to O since the

celt—i5—el-earby—operati-onal—Arsui-tablet hreshol d for
CelfID | o AREEN, I BSICq lMF%"BB’Ffle dhegsholdy| €e%l d bef orle
decl arilng an out age td ﬂg;ébndicated is apout 20 for
exanpl €. However, any |other sui[table threshold may be
Undsedyn i| 891 udi ngadet weenid3 and |1pomr betwgep 15 and 30
or hetween 20 and 40 flor exanplle. Detecti ng
Non- Operational Cells at Mbile Termnal Alimted
scal e version of the process illustrated above nay

i o B et i e
. l. '
e SR B Ly bR SO

(refarfetitb @bboalandriee gl inedrputated ISy Fléfnek Re s Eﬁﬁr&géﬂai
included in such a zone profilé. In the event that for

unrgpptied itbrdsholdvaliielof -104 is used. Theealcslatedmaduafor the
mat ched and the renmi njngel enents attract a | arge
‘H“ﬁHP@BgFF@GO@H§§h°Yﬁb§%F ¢d&®orted costs may be
accumul ated. When the accumul ated unreported cost for
Taldgs O nore cells reaches the threshold, a nessage may
be sent to the server bearing the current radio
neasurenents. The purpose is to trigger the server
Cdilte| ARECNUIBSEC def Pedfilen | IheesisaldoCesi ng the

current measurenents _and potentially trigger the
RxLev

25068 | 95 38 -60.0 -105 15.07

A suitable threshold at which an unreported cost is considered significant
enough to be accumulated for outage detection is about 2.0 for example.
However, any other suitable thresholds could be used, such as between 0 and
0.5, 0.2 and 1.5, 1.0 and 3.0 or between 1.5 and 5.0 or between 2.0 and 6.0 for

example.

Having determined that there is an unreported cell for which the threshold
has been exceeded, there needs to be a determination that the cell was
expected to be heard before the cost can be accumulated as evidence that the
cell is not operating. Using the process described in previously-incorporated
reference PCT/ AU2006/000478, the zone status is calculated but with the

unreported cell in question not considered in the computation. The threshold
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di sabling of that cell. This nobile radio term na

focused aspect may be useful in sone cases because a
wounbizteesi7adi o term nal nay return to a zone af PET/AA2006/001577

cell has been taken out of service. The |ack of

measurenents for that cell may prevent the nobile from

ever detecting itself as h and therefore prevent

any radi o neasurenments being sent to the server. As a

result, the server would never have data fromwhich to

whighithe Pﬂilq?f éoéﬁtfﬂgét Befexched imarderdow thweumielported cost to be

acolMuFeit B Gtined ok Bt e P—%%a%ﬁeﬁ"&#resb?ﬁ & fhessmg way
as f&Pﬂgancﬁ{ét stRttfs) ht fht@ %@c&%ﬁeﬂ t‘ﬁ@%\ q%&ggﬁ%ﬂt% H}gﬂt

processing in t e ver

coufitihp thé anSeoresd 'crdsmstﬂla@; dd the @S‘?es%hﬂ Gf%alﬁpTee lthe yéta] | ast
reported can be used to establish whether cell is

nurplgr; ghathert eonséradplsriabi Hm@thle‘jq thaeshadld vaibee Basq&&ainedfas the
90t B Rt iratihe st i railaHve densice er'w'éw?v."?@a' thepdlagaees of
freeBlbaP S'l?sqnf__g larfﬁuﬁéﬂ&ﬁ A Bxﬁﬁ 4 Po @Ss ch)lpgf: ew#q{p{]tq]j o

every ce en epoc

decihaipsiack, tthénaameri@ 0. 2 Tk t6RDOF ha@é‘l{&ﬁﬁﬂ anﬁ&&ahéd E&hts is
threshold is deened to be non-operational.

0.1%whisbiie lessitban phé dnisdq yaloewf PQur abl e. The thr _eshol d
chosen represents a trade-off between responsiveness

and fal e.al ar Iar er the tinme before reporting

in 6 CpRCatigR. Bonabisin em@qdegosbq indbeyre i a na
gicative values for the
unrfEEFERE s defoftd CLEE fhlifig W) GTL iR Sy iRit on
excedlis thié eeresiicldZBeahdtHa® She ’Gﬁi‘égﬁﬁfbcf’cd& M&ﬁnﬁﬂgﬁe@towards
m nutes, between 15 mnutes and 120 m nutes
the ¢al} beihgldecloaed opniapeahtignalh aflye cds dedccumtilaged byradding
| t hat

the cu al)éertltourrlree]ioo?t%td costto the accumulated cost. Once the accumulated
cost exceeds a threshold, the cell is declared non-operational. Any time the
cell is observed, the accumulated cost is reset to 0 since the cell is clearly
operational. A suitable threshold for the total accumulated unreported cost
threshold before declaring an outage to be indicated is about 20 for example.
However, any other suitable threshold may be used, including between 10

and 15 or between 15 and 30 or between 20 and 40 for example.

Detecting Non-Operational Cells at Mobile Terminal

A limited scale version of the process illustrated above may also be operated
at each mobile terminal. In this case however the outage analysis at a mobile
terminal focuses only on the cells that feature in a zone profile being
monitored at that terminal. In this case a historical unreported cost is
maintained for cells included in such a zone profile. In the event that for a

particular profile, all but a few elements are matched and the remaining
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the expected tine between reports will be |onger when

there is | ess peopl e novenent such as early in the
waounoatioagl77| f the rate of observations varies PCT/AU2006/001577

significantly throughout the day or by day-of week, a

nore appropriate threshold is one based on the nunber

of el apsed transactions since the | ast observation

rat her than the el apsed tiffe. As each transaction

arrives it is assigned an value that is increnented
elements attrabt 4 tzage anréportedacdt, thebé unsepdresnl asts grehd he

val ye of the nobst recent transaction in which it was

. acc tedd. Once the number of transactions since a

given cell was |ast observed is exceeded it is deened

etween responsiverte

thréPBIOREMBEdMRFNafBE sbRd RahalseF g -beggﬂgitﬂs tufreREFIRGK
wi th 3000 cells and on average 6 cellS are reported

megmiresehtnThelsapoat istodriggar thecderversitevoelk oataperdetuction
500, sets of observations are required for every cell
progessing /asingdhp sysient meagursments agdpqientially tigger thaki ng
disibgto afctglg;fmetzl the random nature of which cells are
3 B‘(ﬁ‘t’e aty }'easonable value is 3 tines the m ni mum
setting the threshold at 1500. In another aspect of
Thié BOUiRMARI RmiBhPReASed hdffect MaERSHEdl ftdohd ¥esdsO

the rate of transactions comng'into the |ocation
becsese@mobileerablie tarindnalsany eeturaito haions adter masetldeisi baen

counter. Associated with each cell is the transaction
takeryQHt ek seygicgelhe faskiotmaepsrementsdor thatwelimay preveniithe

moblf iof evdete e HEuRES Bme ittt BisPBRRE i Abl hed
mea@%tré\ﬁqgﬂtst E@nﬁ géfégfblt the'sBRAACAL Qr}e?ﬂlﬂ;ﬁqg Egﬁn?é Yeo@athdvat

stored for t A given cel
haveaeiata pemawltoa ko dbtdchthawutage anll the abaestivaaswll bee
. last update exceeds a specified threshold. Optionally
interrzptedr B performing this limited outage analysis at the mobile radio
terminal, it is possible to detect such cases and activate the outage processing

in the server.

Detecting Non-Operational Cells In Server

The elapsed time since a cell was last reported can be used to establish
whether a cell is believed to be operational or not. In one aspect of the
invention, the time at which a cell was last reported is associated with each
cell enabling the elapsed time since last seen to be calculated for every cell at
any given epoch. Any cell for which the elapsed time since last report exceeds
a specified threshold is deemed to be non-operational. The threshold is
optionally configurable. The threshold chosen represents a trade-off between
responsiveness and false alarms. The larger the time before reporting a cell as
non-operational, the less likely it is that the report is a false alarm. Indicative

values for the threshold are between 1 minute and 5 minutes, between 2



10

15

20

25

configurable. For exanple in a network with 2000 base

stations and a GSM network in which nobile reports at
waoued7/048ioel | s at any tine, it woul d takeappr ox PaEtA®R2§06/001577

300 nessages to see each cell reported once ignoring

t he randomess of such reports. The threshold could be

set at 3000 to allow for the random di stri bution of

which cells were reported. #Using the el apsed

transaction count nmetric has the advantage of adapting

mih@tel BRd PAtAiRiteYBedWebh SNARGIEDNE 60 enibatasgbertdear Ed
‘and hence automatically handles the periods where the

minetes ahdd28paidites.ne i s expected to be larger due to
fewer incom ng transactions. In another aspect of this

The HhreResId G A ok BEGPed 1 B o fEr Tyt that
r |

thel EHIERH fifle FoEL B rHs Gl BEIShITATHEPHRAL 5 ket pasple

movefheR®EMEN as @di\rl? eatiednanmepr ifthe eadesfidbiséivanions wakiend

~zones which include the suzg)ect ed cell. Optionally the
sigaifcantly dhrdughpritdhe diag erthyedayi-ef week zomese pppeepatet he

NTETEA R e
obFL S P&ﬁe%ﬁ%@aﬁé@%ﬁ%é ;A%l ach $raiRGARh BHNESH is

and sO on. i's zone the server seeks nobil e

assigitid0art @A BistiRdienidrtted Ivith eadtDiensaRtioh. Makhlicell is then
radio termnals, optionally based on zone preference,
assigreed thervalee o shenosbresentiransastionfin vehish iewes observeel.

exanple Qy fqorcing a status update, The nunber of .
Ongp e Jégn&@rto FeEeaeHons SReF3 gﬁﬁa&eg.wtﬁe‘@%‘? Segved 1s

Naon- Oper at i on | § n i = gur.
exCPHEE R s st poFobe Ay AP NEHEHERTE o Py ol
behiFeER &@ﬁgnéi{zag&%% AceNWBrcoRfh@hbAPerhfichalenatalse, alms.

one or re of the previously-described nethods), but
Cohsider heetwoek adth §000kck]ls\indnmv average 6ldells et repmstaskpsr set

fl agged
of obse%gaﬁons. In such a network a minimum 500 sets of observations are
required for every cell to have the possibility of being reported once. Taking
into account the random nature of which cells are reported, a reasonable

value is 3 times the minimum setting the threshold at 1500.

In another aspect of the invention, elapsed time is measured relative to the
rate of transactions coming into the location server. The location server
maintains a transaction counter. Associated with each cell is the transaction
counter value associated with the transaction in which the cell was last
detected. The elapsed time since a cell was last reported is measured as the
difference between the current transaction counter value and that stored for
the cell. A given cell is deemed non-operational if the number of transactions
since last update exceeds a specified threshold. Optionally the threshold is
configurable. For example in a network with 2000 base stations and a GSM

network in which mobile reports at most 7 cells at any time, it would take
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as non-operational is observed in a neasurenent set

the cell is flagged as being operational. The process
weoeren7tigs7rom st ep 500 to col |l ect measurenents PComuRiNG/001577
networ k- at step 501. For each reported cell, the

operational status is checked at steps 502 and 503. If

in step 504, the cell has been flagged as

nonoper ati onal (for exanpl% by the

previ ousl y-descri bed nethod), the cell is thenflagged
appr@v(ime’(ely 80 essagetsap sbOBach dell fepoctell orftedghoting eke

fIa %g@ggnoperatlonal ng further action is taken.

né‘%eéﬁ 0 teRorEe| The ?hrasjgéé cpHldbe petstrP089 go allow for

I
the%%fel%{ne%ﬁ%?&?ﬁe‘}?{ﬁv%egﬁ R e S T
tralﬁéalchewceanpfr@fh@l fits ﬂqéj&i@éﬂt&g% SralE t?ng)to B Jf P4 G Which

t he above descri bed net hod er’ can detect t
transpafipasasnbaingfgathered -aopidiarice anedmatitallyRandle fiige pariBds
al gorithnms used to detect non-operational cells. en
whegsihegctual elapseddime ikexpactasbie bplargen duaifo fsyerdneoming
. ence of a cell deened nonoperational in a set of

mﬁ@ﬁ@ﬂp%nents i ndicates that the cell is operating
again. As an exanple consider a set of neasurenents

In dRAReO PR (SMSIMRh K oRStHRNRW ey d&nIﬁ;eﬂ T éa%l& ng% gg %bh&ﬁﬁ

net wor k “dat abase and proximty to t

furthel levidenke ARRGN-dBisatuth-BEt1Gtidhal by rapmstiag ceftabenediles
I D 54312. ‘This cell is flagged in the server database
senéénﬁ@ﬁww@néﬁ footlgiserviab| ¥ a@yen wlbisgatspectedrof dfaving failed,

infers . that it al. ati onal

the SRS SR e Py R gBFLR A lOus B iBdSen ach indfugle ghe
suségctgé RLR. ](? Bﬁ&ﬁ % SEVEScofiah, * rtﬁgt 1sf8 %gﬁ&%a?;ed

lgure 8 i ustr es a process ecting
on tied digndlisatenigdy erdércstrthegbnes. Zones Where the suspect cell is
expected to be highest are given preference where the suspect cell is second
highest and so on. From this zone list the server seeks mobile radio terminals
that are in the zone. Such mobile radio terminals, optionally based on zone

preference, are then requested to send a set of measurements, for example by

forcing a status update. The number of mobiles so targeted is configurable.

Detecting Non-Operational Cell Becoming Operational

Figure 7 illustrates a process flow for detecting cells that have been flagged as
non-operational (for example, by one or more of the previously-described
methods), but have been re-activated. Whenever a cell that has been flagged
as non-operational is observed 1n a measurement set the cell is flagged as
being operational. The process starts from step 500 to collect measurements
from the network at step 501. For each reported cell, the operational status is
checked at steps 502 and 503. If in step 504, the cell has been flagged as non-
operational (for example by the previously-described method), the cell is then
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coordi nates. From step 600, the process obtains the
networ k nmeasurenents in step 601. In step 602, the
wonrowagsi7det er mi nes the di stance between all paCTAT2006/001577
cells that have been neasured cont enporaneously based
on the coordinates of the cells in the network
dat abase. For each cell a tric relating to the
relative proximty of the Cells is conputed and if the
metric exceeds the criteria as determned in steps 603
flagged fopzeparting inrste 803. If thef delgipschdtibesn dlagged aasion-
of.ent.i al | avi i ncoyrect coordinates. In step 606,
Op‘gﬁéoﬁlaﬁﬁéﬁrtg@f f‘&g‘%ﬂ’é t@%‘FI’I"ect ed for subsequent further
processing, and the process ends at step 607. The
. . | ¢ : .
In stEh POYKAG CBLPHARKR P18 088 oF EER BlpcBha8F Pl
reireséd temaintt s operaticeel. TIROpRicass ®ien eAdgBRisted 5@i 0
termnal can only neasure cells that are’inits
vicinity. Base station coordinate errors can be
Thefolloxing nspvidesa detgiled examply efparforseing thaaboue described
Hm%ﬁgﬁngruous. Various netrics can be used to eval uate

i keli hood that a cell is in the incorrect
| ocation or that a given set of neasurenents contains

TheXdd@ver ' Jo ol : '
e T e e b hRHAR B ORI (BT Bkl 1
sanecalgoritiemsiused t6 Viptecahby-opef@tidn0gelldle Vehek nasaeanhilk

area. As such, the_ average or nedi an di stance from
netwgtk franon-ppetatianad gelimibetpresance of aivelloteeprectcrons i n

the set. shoul d be conparable. A cell havjng a distance
opelglforl MAcRT Bl GRErLERBE Rlbtke Aty CHl Kapperating agam.

i ndication of a cell with a coordinate error. One such
As SREXAB I @InsiY Pt | ' | e

° enbodi ﬁent ,nsf or eac ?%ﬂsﬁﬁr@@nﬁfé‘éﬁ%ﬁ@aﬁgf@gﬁ@gﬁ?@%ﬁgﬁ

shomeeincEdble 12 elUsirsg tiesnetwork database and proximity to the cell
25652 the cell with ARFCN 68 and BSIC 51 is resolved to be cell ID 54312.
This cell is flagged in the server database as non-operational (Table 18). The
detection of cell 54312 infers that it is again operational and consequently the

operational status is changed.

Table 17
CellID ARFCN | BSIC RxLevMean(dBm)
25652 Unknown | Unknown | -87.0
Unknown | 56 66 -94
Unknown | 61 54 -95
Unknown | 68 51 -95
Unknown | 29 46 -102

Table 18
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I's conmputed. As an exanple, n could be 8, although any

value in the range of about 2 to about 20, about 2 to
wahoro48,77about 3 to about 8, about 4 to about PAR/ATQ006/001577

about 2 to about 8, could be used. Any

cont enporaneously reported pair of cells that is nore

than mtines the average oi8the two nedi an di st ances

apart is deened to indicate a cell potentially in the

i-ncorrect location. As_an exanpl e mcould be 2
CellkP o yghAREEN val BEICh t heOparafiorsfl abouf 1 to about

20 bopt—1—to—ahotut—3—aheut—2toabout 5, about 3 to
25§§%ut .~ or abo 5to E)%‘Eﬁt 20 coul d be used. Table

Sho a sect| of a ngtwork database with the

38%%%“ anv%l st ance @r]om each]Y jase station to the nearest
4933basq @it ati on |sg4 es using,@@ Netric for| the separation

of bhade stations in the lvicinity of each base station.

54A1%et |8 cont enpiilr aneous| Neasur enents rjeports cell IDs
26078 land-4415.1 The distlance hetween these cells is

Z—O\IT

54§bb2rn 2Mhis disit4hce is |u¥eter the medi an di stance for

both—cetts—so—thereasurerent—provi-desIno i ndi cati on
of an incorrectly |ocated base station. A different
set of contenporaneous neasurenents reports cell |Ds

26078 and 5617. The di stance between these cells is

18006m This nmetric is 2 tines the larger of the

medi an i nt dPetecting dletls AtthInconretMEsoriugte 1 s 11202m

Hence the neasurenent indicates that a cell may have
Fig%g:‘sgmlect coordi nates. Tabl e 19 Detection Using Signal

PEREIARIARBLIO Ve detecig cells thesdave imearsect

LB Al than one uni cel] identifier, cell .
€00 coo%t_glb'ﬁto g?%t(r%g b@fr&h AR C%ng]ogjz?]élét gEYYRUmea egents in
steprB@lLI IiCste P02 MBRIHREss terrhifRl HROAR iR betveer ﬁﬁg)airs of

identified cells could be contenporaneously Rear

cells that have been measured contemporaneously based on the coordinates
of the cells in the network database. For each cell a metric relating to the
relative proximity of the cells is computed and if the metric exceeds the
criteria as determined in steps 603 and 604, then the cell is flagged in step 605

as potentially having incorrect coordinates.

In step 606, the flagged cells are collected for subsequent further processing,
and the process ends at step 607.

The following provides detailed examples of performing various aspects of

the above method for detecting a cell with incorrect coordinates.

A mobile radio terminal can only measure cells that are in its vicinity. Base
station coordinate errors can be detected by identifying measurement sets that
are incongruous. Various metrics can be used to evaluate the likelihood that a
cell is in the incorrect location or that a given set of measurements contains

one or more cells with suspect coordinates.
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at the reported signal strengths at a given |ocation
in the network. By evaluating this nmetric over the
waebommgl7cover age area the maxi mum | i kel i hood eamwAwe006/001577
found. The maxi num |ikelihood is conpared agai nst a
threshold: If the likelihood is below a threshold,
then the set of observations indicates that there is a
potential problemwth the™ ocation of one or nore
cells. Figure 9 illustrates steps of a nethod for
det Petactiond Lsing IdistaeneiMetrod a cel | in the wrong
| ocati on using a probabl ity metric. The process
Theyels measured by anpop: ?Gadi@tfarmmaéttypmkllyreamerfezmﬂm samne
701. | 702 robab ity that _ eac
geo.gé?}%}‘f 8tF% etgt SH@P ithe ?H%fasgﬂr@&% ipp astrnee frome eagh gedlin
meés%?@xﬁbhp&q_ tb P BHferteligin ﬂ%bAeQ\QﬁOul g&%ﬁs&%& N

, a conparison IS nmade

havmgb disthnée/mabdc tnddiviggher than'the otRerétay bk ahhﬁdlcatlon of
e§>robablllty|s | ess than the threshold, the cell 1s
ac

I wighacropzdiveite gripnt €rtel ssichymeétmictthet magvrbgd umltmdzhel n
705 In step 706, the flagged cells are gathered
me‘?laﬁg\‘ %or subsequent processing. The process then

ends in step 707. For any given |ocation x, the

In ofié Qﬁ%cﬁﬂg@rﬁ’%lr etk é@tdlﬂa fed r{c?{gta%%g B0 S8 % %a:r%?t rkfgﬁlé sites

estl mate usi ng tec ques we nown

is camptiteel. Hag anfmdﬁ{plé,&e@oﬁlﬁﬁd althot Rfanyb@eﬂbgng‘)ﬂﬂ’é fan nge of
Conmunj cations). The di fference be he nmeasure

aboyt gtanbeut 2h gbnuaa do aheut5 taboat 8do abgnas, atoutdgbmbosit 12,
f f ed b ference between x and the true )

or agBEgﬁ k ﬁ'ﬂ’%‘%t ﬂ% £ used o 4y q%lt@mﬁaranw%w@@p@f

d t he
of cLlHaFl mpBe ﬁidrﬁﬁ*g%ﬁtg FE SRR blnd e icion elitie’
apafifib i datmaaltannaaatma ate ﬁowtiauyriﬁ\me ir{bome%t ﬁfc‘aubﬂe As an
maxi mum | i kel i hood can” be estfmated. The point x at
examplle;m achild heclaﬂlt]somgh thyp vahue 1mihe briukgd dhalashitelsto abiug 20,
t he nohij radio term nal'
about 1 to about éz a%out 2 to about 5, about 3 to about 8, or about 5 to about

20 could be used.

Table 19 shows a section of a network database with the median distance
from each base station to the nearest 8 base station sites using a metric for the
separation of base stations in the vicinity of each base station. A set of
contemporaneous measurements reports cell IDs 26078 and 4415. The
distance between these cells is 2002m. This distance is under the median
distance for both cells so the measurement provides no indication of an
incorrectly located base station. A different set of contemporaneous
measurements reports cell IDs 26078 and 5617. The distance between these
cells is 18006m. This metric is 2 times the larger of the median inter-site
distances involved which is 11202m. Hence the measurement indicates that a

cell may have incorrect coordinates.
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| ocation. This location is not required in this
instance as it is the maxi mumlikelihood val ue itself
wohei7/us17the quantity of interest. It is well RODAU2006/001577
the art that if only two cells are identified, the
| ocation estimate i s anbi guous; there will be two
equal ly likely locations at which the cost is
minimsed. This is not rel®ant in the pr obl em bei ng
addressed in this exanple - it is sinply an artifact
Tabd¢ 19 he process. To which location the al gorithm
converges does not matter as it is the mnimzed cost
anf-—+ +-he-ocat+-on—+that—isof—-Aterest. For a signal
Cé‘inj%ngﬁmeﬁ%‘é igtangg tey Fasting ef Northingy i s wel | known
in the mhgspg?i{ége(ngaxi mum | i kel i hood ¢al cul ation is
I ndi'ng t

equi val ent to he |l ocatfion x that mnin zes
26078 f ol 3aps ng equati on:| 4bEEsE S 24699bMe |nmeasur ed

signall strength for celll i,fi(x)) is thejestimated
5637V gnal | 4324lengt h at x f Q6428431 i 26786231 2 i s the
vart+anceof the signallstrength for celll idue to the

o g Y Y
81{7§pe of 7848di o envi r onne 9E3281He REAR064ments S are
et nmeotus—c2—ts—th pst—that—i—s—m ni m zed and
44;1§ a cﬁﬂ-o?quar ed st atistélzg ﬂf@r va'ﬁ%g'ﬁ‘lfhe nunber of
degrees-of-freedomis tne nunber of cetts heard. The
c2 statistic is converted to a probability and it is
this probability that is conpared to the threshold. If
the threshold is exceeded, then the scenario indicates
t haletentionlsing Sigimil| Beteckion Lédclijmodnt i al | y have a
coordi nate error. The threshold is configurable and is
Whereta satef ghéasbaements qoaltaiabinyorddhan bne ginigoe délhatentifier,
r of.s andogre nunb of false alarns. Since the

er r
cell ggordinats roblaret can be datacied by, evelaptiagiagmeti danepsures

YT r ). to reduce the nunber of
the (RPN Blar HEHIAH AL 8 Gl B SplebfoieRusihear
thde : td ' il L . ' Okt 0 be
at ok ggﬁeéggl%eg s)ttfﬁl t hsofli\ﬂda{ %}ng?ﬁl‘lScJtan 1 Gk Wbk OBy |
evaluating this metric over the network coverage area the maximum

likelihood can be found. The maximum likelihood is compared against a
threshold. If the likelihood is below a threshold, then the set of observations
indicates that there is a potential problem with the location of one or more

cells.

Figure 9 illustrates steps of a method for determining the detection of a cell in
the wrong location using a probability metric. The process begins at step 700,
to obtain network measurements at step 701. In step 702, a probability that
each reported cell is in the correct location is computed (described in more
detail below). For each cell (step 703), a comparison is made between the
computed probability and a threshold in step 704. If the probability is less
than the threshold, the cell is flagged as being potentially in the wrong
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be set to any desired value. In one exanple, the

threshold could be in the range about 95% to about
wo20@d17and i ncl udi ng about 96% 97% 98% 99PCDMAU2006/001577

99. 5% or about 99.99% The threshold may even be set

| ower than 95% for exanple in the range from about

70% - about 90% or about 80% - about 95% Havi ng

det ermined that one or nore&lcells are potentially in

the wong |ocation, the next step is to determ ne
locatirein step 795t In §tep g06,dhefflagphé celisdieopnthivel ®igahee $or

choice is the default case where all cells invol ved
SUbﬁ?‘éu?I}tdﬁﬁé%ﬁsgﬁg-g%leéPWFﬁﬁslﬂ]‘eﬁépﬁ@11? ftep®7wr ong | ocat i on

and the problemof identifying which, is left for an

. | K 1y
Forg RIS 0 RARR b S S ARG o e
estiblttted @8ing RRhnRARK W&l kn6Whih tR hASUCR dshRe IR MG (see
if it exceeds a threshold, it is flagged as being

secfporn &rt ofaviopile Radie Gonomgnicmdianso riThedigferbndd betwakentthe s
approach to detect the cell at fault inproves with the
megifisd siggial skength ﬁeqﬁ theeptimated signakstrengtlois affested by the
. [ ! ost will Be a statistic hu
iR TRENBTR S0 e Rt A PebieFafia Briing e
GRRY VT HRE &0 IctaibAP Y 4d A RPf idbili
acct hr Zshol der o(g:ghglblﬁl' tﬁf/é!édfc%i{ac?%ﬁt%?éﬁ?ﬁ%eg,% o?{é;ﬁén%?ﬁteyr of
signad stresgts nbasurdnhents abbireg opentdesivn hebnkfueewWhed! BnbWn in
this specification, evidence can be accunul ated over
the gy filﬁﬁnwlﬁ%@di@ké\wdsf@@wamat@dd dbe giodnt batwdnich this
onthe _accunmul at ed evidence, In.this scengrio, the c2
occll B3P IS RERTHT BEHaFoe GR6t o s daTE tlinriniaTanc
locHIMP 188 1RIRIBSTs rdt Pécﬁ.h?&%}]ﬂ s ﬁﬁfﬁﬁ.@%ls% is tHE nIBERRHN
nt 0 ing

used to detect cells e W ong cation usin

liketibasd vedusitgelathaats #rgjimtianf distesbeldpMrdlEknd®n in the
timng observations. Gven the description of the

art hat Hoenlxiwieecalls asp édgndifisel, thelocationestimappisyarnbiguous;
therreraevtvﬁf)ge Icv(\)/oteiqr&iaﬂg I{Ik%?ys focs OII:I]St &t which the cost is minimised. This
is not relevant in the problem being addressed in this example - it is simply an
artifact of the process. To which location the algorithm converges does not

matter as it is the minimized cost and not the location that is of interest.

For a signal strength model using Gaussian errors, it is well known in the art
that the maximum likelihood calculation is equivalent to finding the location

x that minimizes the following equation:

. Z (Si _fiz(x))2

(e}

i
Where

5i is the measured signal strength for cell §, fi(x) is the estimated signal

strength at x for cell 7, and 2 is the variance of the signal strength for cell i
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Tabl e 20 shows part of a network database. Table 21
shows an excerpt of a set of neasurenents that

wokbargusiare cells A and Bheard cont enpor aneousPgT/Aai2006/001577

shown in Figure 10A. The signal |evels have a range
correspondence, using the Hata nodel, of 2415m and
4930m respectively for cel A and B. Circular arcs
centred on A and B using tHese ranges intersect at two
distinct points Pand P. At either of these two
duedei thedy perof tardip enwinoningente Thievaeassirements/friach i s
learly | ess Eha any chosen_ chi-squared threshold. As
CONEPRROTHIEHE. ¢S ISP sorRREE minimized Aas igachi-pguargd
i Qn-f i ihat rraor. .fFable 22 shows an
statEToL VA (RERRAILIR R dBk e or R Rar & e Bfoksles
heaf{ @ 2 . | oy
R e RO BRUBERIRY nd oLt Brbily
thaicislcbnipsardd $o ithe threshiblfif df #rtthieshioidis éxtetded datakias e
which the follow ng analysis will reveal. The signal

scenagieindisafes thatonege mere @béﬁﬂdﬁ_@d,misﬁflﬂﬁ@l}t hlevmtA a |
coofingle e, ¢ P Rhoris donfetinble gt fr # drdbost Bof
reli%)ly%t%ﬂ rH%‘lseftQ eridad Ql*?@%ﬁef Hah{iR: L ?efl?e 51%?181%3 ‘Silgc% the

I nt er sect. I ng nunerical optlim zatl on chni gues

coordihhteerovnisistatid)ehatibiectibg tishdldedarvbe §dt rbARTREBS} ldrSe to
mnimzed. is determ ned and shown as point X in Figure

redycggthemypmpesobfadon alativei Sucton tueshold, wilpginoplyi intwabothe
exofi e Rl et ol btk ouoman,
be pieb gLl i, BEBhe FEEPRR derhi AR08y BB Y

rany@sb@iit 9895 t6lHBot 099199 % Cand HéSuBin o uR 961, 9F %t B8%C % or
are deened to potenti aily have a coordinate error.

99.5%upt Akoun¥ERYUK efibetiweskoldmuay eveny baser lo@asthbd 95%, for
exarBi i o e 206Ut A harbet B0 kot S04 cekot95%
Hax;i.ng AL ARARE thi SnEbf 88 Lells are potentially in the wrong
location, the next step is to determine which cells to flag for further action.
The simplest choice is the default case where all cells involved are flagged as
potentially being in the wrong location and the problem of identifying which,
is left for an external system, for example a network operations team.
Another choice is based upon the examination of the cost that each cell
contributes to the total and if it exceeds a threshold, it is flagged as being
potentially in the wrong location. The ability of this approach to detect the
cell at fault improves with the number of cells included in the computation.
As described above, the cost will be a x2 statistic but with one degree of
freedom. Again the statistic is converted to a probability and compared
against a threshold probability, for example, 98%, or any other ranges as
described above. As described elsewhere in this specification, evidence can

be accumulated over multiple measurement sets and the decision based upon
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l oci would not intersect, at the optinmal estimte X
as shown in Figure 10C. The resulting m nimzed cost
woau7d4ee70. 28, wel | bel ow the threshold. It shoulAad2te/001577
clear to those of ordinary skill in the art that the
techni que can be extended to situations where nmultiple
signals are uniquely i dent%{li ed. The nore signals so
avai | abl e makes the technifue better able to
di stingui sh which cell actually has the wong
the eoamiifrded svideaiok e 12 €hi3 atdreari] e s 268trimitianfoBaaek
on Zone Locatiqgn Described in PCI/ AU2006/ 001479, is
cellicqp Beacgruulatsd astd eomparaskagain a probabdity theasbold.

Simlarly when a zone is neasured, the msasuremspt
0 est i e helocatlono
The il BURECHITE i ERHORE o EE  outi fgpal
streh%ﬂlsi@trﬁ;ﬂ&d) BB apblidd &6 Hmiﬁ‘[gtdbsbf\fé‘%iﬁgcbl%‘ﬂ g dad&m t}on of
e met hods descri bed earlier detect the presence’o
the patthadiahbve @ shoridd beichetr doev toasplyi the miethpdi tortiming
information pertaining to the | ocation where the

meFuieyrBifent s were made. Using the zone location, the
‘eval uation netrics can be further refined. If

Lthin the vicin
TabfEASEIEBOR Y En SR el 2 B e b e
of nmawmamttﬁammataté SRR %M'Wh@arﬁ%téh?@?éﬁéo‘%{é
then the neasurenents can be eval uated assum ng t

showamier Figore 1l Tbeaigred lofeld hate 2 carege drsésponeleibs, ﬁisihg
ith re rdtothe istance netric, the distance from
the Page g 34

ch%tlﬁ’éhalil 4930k respectively éceléﬁﬁmnshB iraslar

arcsdée%ttﬁlac r{cp quscl:l‘? THEsE gartlges m{n“rlsect alc ?wo dlstmct points P

and P’. At either of these two points the cost function evaluates to 0 which is

clearly less than any chosen chi-squared threshold. As such, there is no

evidence that either cell has a significant coordinate error.

Table 22 shows an excerpt of a set of measurements that illustrate cells A and
C heard contemporaneously, as illustrated in Figure 10B. Note however that
the true location of the cell is distinctly different to that in the database which
the following analysis will reveal. The signal levels have a range
correspondence, using the Hata model, of 2415m and 203m respectively for
cells A and C. Circular arcs centred on the coordinates of A and C, as defined
in the database using these ranges, do not intersect. Using numerical
optimization techniques well known in the art, the point at which the cost is
minimized is determined and shown as point X in Figure 10B. For a standard
deviation of 8dB, appropriate for a suburban radio environment, the
minimum cost is found to be 19.02. The chi-squared threshold for 99.9% is
14.1. Thus the cost exceeds the threshold and the observed signal strength is
deemed to have arisen from variations due to noise. Thus either both of the

cells are deemed to potentially have a coordinate error. Further measurement
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i nter-cell

di stance netric for that cell

The

conparison can explicitly include an all owance for the
waconrriagy7of the zone | ocation or inplicitly i RCTAAAR006/001577
such an allowance via a larger nmultiple of the

di stance netric.

I D 38761 for which the int

If the validation
in this network,

1540m
t hat

is,

I n one

exanple, there is a cell with
r-cell nedian distance is
‘ftiplier is set to 2.5,

a cell is not expected to be

setsipaobting Aor € wosldindbcdte ovhichevasethe mbrelikely itobe it bfror

Nolg Wrgf hid ehy

di st ance

€QRyidimaate

loc1]\9§1§mgyﬂ¥el%écgné’g @1%

minexpec

The feshl

coor di nat es.

i gnal

Si

hin this exanple is 3850m
1

DReRFOBetinghe dﬁéahqﬁaxﬂnﬁ@rcular

range%gh?ﬂﬁﬁgn%gg?§é%g fip exc%ﬁgug%

gnal

lﬁ%z@@tcﬁéltdv@hid’b@ 62BNl HefSwr %ﬁé threslﬁold
Det ecti on Wth r

detection |ikelihood netric,

rega
the conputation is

It sl@@ddtb@alawottbobeeofemadeMun tlimeaﬂtrthamtheaedtmqne cév be
wange nade for any uqcertal nty in the | ocation of

extetrh‘J&

ation

mo%eéi%ﬂgls e an 115

cell et

nodel

al | ownance woul d be to increase the signa
Aple in Table 10, Table 11 and

TySlths the vfzﬂf

uncer tfai nty of 5

dtoratuations whggganigliin

6 SAEh
an ap

feigagls ;g unguely ddeatitied. The

5 rtg g’i’m%‘tleléﬁsﬁgro@a@ﬁ 3‘2 %&W%S’h which

(%egymh&tégwe zone | ocati on has an
m 2DR

the TIPl .5 propagation

in a suburban environnment at a range of 3000m
Table ¥ t he base station indicates that an appropriate

strength by

24D Rowici o T
T QI T :J C UL T
Callly . TRt | NotHhing, J
ustr ?%ﬂh
oordinaF§§1(4 Eﬂ
DBjninize t he cost functl
estingte of the |ocatio
B @stimdted | ocation the
- 87. 8dB rg - 91 5dBm_ and
DB) 457832 6654541
C (in
DB) 478751 6651368
C (True) | 455511 6651368
Table 21
CellID | RxLevMean(dBm)
A -84.4
B -96.7
Table 22
CellID | RxLevMean(dBm)
A -84.4

e zone | ocation can be

| ocation of the zone is
6651528). There is now no need to
ion as there is a reliable
n of the nobile. At the
estimated signal strengths are
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119.1dBmfor cells A B, and C respectively. In the
scenari o where cells A and Bare heard

woani7@apior aneously and with the sol uti on const paraadots®o1577

the nomi nal |ocation of the zone the cost is 0.54.
This is well below the 99.9% threshold and the test
results do not indicate any detectable problemwth
cell coordinates. In the sg%nari o where A and C are
heard cont enporaneously and with the sol ution
Celilidt r pRxEdvMean(d@Bm) i nal | ocation of the zone the
j significantly higher than the
#i6-B5quar ed t hr dshol d as chosen in the previous
exafpte—Fhus—the—+easurenents indicate that there is
a potential problemw th the coordi nates of one or
bot h base stations. Had cell C had thecorrect
coordi nates, the cost woul d have been 0.2 and wel |

bel Dutéddtor Basshen ZondLebatiolear abi 1 ity The nomi nal
zone | ocation can al so be conmbined with a signal

DegtibRddati@n/ ALre06 1 001429 Sk Hhé@ssotiatiottdfla Hedindl t6date to
errors. For a cell to be detectable at a gi ven
a zowg abiigtarly Wheneradnesid meaynwd,sﬂie omepshirernant dafiarqgnadso be

s 1t e PRFGR P A et SF ot e e
to a%g{sga%ta% Pﬁoﬁl S% %131%8}[ C{FC? 'd% ;‘er ence. At the
oca he si gna engt can be

esti mated based on a radi o propagati on nodel .

Thépieltiodd d¥sckivedraadiedr dabet the lpdeentd of pbiatiad cél coordinate
co-channel interference. Optionally the nmodel can take

errprstwithowoprior irtferrséfien pevhirdu} 4e &m lochtionavhere the
terf A d I
meRTHFBHIENS PT? Ak ALTID Ehe 6aRs q”c?ppp frereVeha o metriss
can%e%?ﬁierr}gﬁnegl ?f ?éé‘lﬁeix}eﬁl{%%a}eq&o% to BALS: éwl‘h‘xjil ﬁ?es
S. e signa en

incorrect "coordi IS su I Ci
v1cﬁ1t1fy0<'5l§a zbthe With a known location, for example the measurements were

triggered via a zone transition, then the measurements can be evaluated

assuming they came from the location of that zone.

Distance Metric

With regard to the distance metric, the distance from the zone location to each
cell can be computed. This distance is then compared to a multiple of the
inter-cell distance metric for that cell. The comparison can explicitly include
an allowance for the accuracy of the zone location or implicitly include such
an allowance via a larger multiple of the distance metric. In one example,
there is a cell with ID 38761 for which the inter-cell median distance is 1540m.
If the validation multiplier is set to 2.5, that is, in this network, a cell is not
expected to be hearable at a distance from the cell of 2.5 times the inter-cell
distance which in this example is 3850m. If a cell is reported from in or near a

zone that is 10561m away from the cell, this distance exceeds the maximum
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then conpared to the conbined estimated effects of
co-channel and adjacent channel interference. If the

weienTausi7s not sufficiently strong relative toPCIRAU2006/001577

interference, then the cell coordinates nmay be in
error. In the above exanple for a GSM network, the
estimated signal strength %i the nom nated | ocation is
-119.1dBm The receiver sensitivity for a GSM nobil e
is approxi mately -104dBm Thus the estinmated signa
expettedngnigeifer e deflBmd thhisdhe icell isoflaggeskad poteatiddy datad;
. and thus_the cell may have incorrect coordinates. |f
incpigctGogrdinajes e above the receiver sensitivity, then
the interference, if being estimted, could then be
eval uated. In GSMthe signal needs to be 9dB stronger
than tqis,pebbtd-RbR! f €rence to be detected. I ncidental
Det ecti©n Measurenents made of cell signals are
R e R ey R G The chiff ol

conisttairtedf iodsk erdlyated = tRSkRowmdo RGN ARefllovwigheahhde &5re
identified via their Cell ID. The actual cell
anyzeaess faapiaoindhedoeation eltheizene gan benmnade byl inerassingthet

i et er.m.ned searching for a match to the parti

sty e R R Fa HEROEvel « USine s Hghelpiabagatiehimedican
_ . A, . "t ‘

opHEPeRRENIO . (APBE Lt AR BldmbB e bl Socyion s
an GR&r &lintyoof 300 DDRMS) theEP1{propizatieh thbdélNntd Wiburban

nmeasur enent bei ng associated with the wong cell. As
envirgemnentad of tainiga o0& 3000mi freimahe bhse stationtioficatgsdhaeah

cell, identifiers c? be an indicatjon_of a cell _wth
aPP&BBFl&F%%‘F%N@?%WQF cEP?n’“P Hireasejthe gighet sirepgthdry 2¢Bs

i ncorrect coordi nates, one or nore nei ghbour cells nmay

| ; M
g T R B R P
locativsi elirbd Hlitiadsd M"Be MBRITHESbeMidn bhehedfiRCkicebrdihaRs

unknown cell which will be resolved via
(455411, 6651528). There is now no need to minimize the cost function as
there is a reliable estimate of the location of the mobile. At the estimated
location the estimated signal strengths are -87.8dBm, -91.6dBm, and -

119.1dBm for cells A, B, and C respectively.

In the scenario where cells A and B are heard contemporaneously and with
the solution constrained to the nominal location of the zone the cost is 0.54.
This is well below the 99.9% threshold and the test results do not indicate any

detectable problem with cell coordinates.

In the scenario where A and C are heard contemporaneously and with the
solution constrained to the nominal location of the zone the cost is 82.5 which
is significantly higher than the 99.9% chi-squared threshold as chosen in the
previous example. Thus the measurements indicate that there is a potential

problem with the coordinates of one or both base stations. Had cell C had the
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a correction to a cell's coordi nates once the root
cause is identified. Efficient Collection of Network

wokeEmagITent s | n one aspect of the invention, PO®AU2006/001577

system can optionally |l everage the spare capacity in
exi sting nmessages and/ or use already established
comruni cati on sessions to report information about the
radio network for use in offe or more of the nethods
descri bed above. In many conmuni cati ons networks the
corprap tocwlinataydhkabkiewbatd hawnbedrt 0.2 padiwell belny shat us
updates or location data are fixed in size, for
r%ﬁﬁWﬁle SM5 in GSM The status update and | ocation
nmessages do not necessarily use all of the avail able
space. There are al so session based communi cati ons

pr ot ocg %ﬁdyﬁg,%ﬁbrﬂl%!{].ere is a network bandw dth cost

associ a h™setti ng up the session, for exanple

Thefearind zgﬁglloéﬁ}’drp& Piko B? 8'?1%?1?&1 Qat £ %{%ﬂ?g?{gpagatlon

nmessage, e narglna cos sending o%

molleMo duteaflitrRrif a¢ell Pas il@rhéceefidrs. PYEALLIPR b defectable at a
| everage the avail abl e space or session to send

giveniematen; dre @b@lmedtstg\ai strengé maﬂudmgeamordceater and
extra cost in nef wor k  capaci t%i yst enms
PIOGRRSIRG gwgsn%%%céﬁ @?@ Q reagivespiase %r rtafnust be
thods a di n
sufﬁ&]:eﬁ{lﬁ{ljo %t{%%%lﬂéécgcgcﬁﬁﬁl a%)\lf}g/ & Oﬁﬂerfgreﬁce %&q:é ggﬂaigai

locdtfors il dign ﬁ@rén%@lzké@[ie et dBARALS a kdio% Sr%@%bhon

mar gi nal ~cost networ k capacity cost of ng up
modek ddpdanalhnthiesmoflicbearsinchudddte effonth ofg-oaclemalel anount

of extra data will not significantly |n?act t he i
integ{erenes. PrHenaly Shemadshcamtakedntpsadsorpt thpeféeat of pdjacent

chafpEftiiefie. 6 SRRBARUERR ORISR Cmesielf {9rkt!1?§t on
eoB8BE s i Lt SpLI i Sl b
potentiallyhad ificbrfeet goordiimates. LEGhe sigthapirduffitientty |strong, it is
thEII‘I ((jzgrrgl:;afrclec(le [cos the combined estimated effects of co-channel and adjacent
channel interference. If the signal is not sufficiently strong relative to the

interference, then the cell coordinates may be in error.

In the above example for a GSM network, the estimated signal strength at the
nominated location is -119.1dBm. The receiver sensitivity for a GSM mobile is
approximately -104dBm. Thus the estimated signal strength is 15.1dBm,
which is too weak to be detected and thus the cell may have incorrect
coordinates. If the signal were above the receiver sensitivity, then the
interference, if being estimated, could then be evaluated. In GSM the signal

needs to be 9dB stronger than the nett interference to be detected.
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(e.g. BSIC, PSC), channel / frequency, signa
strength, and / or variation in signal strength. The
wdav@/oagit7be the raw neasurenents or filtered PETEU2006/001577
averaged). In the process of operating a |ocation or
zone based service, a subscriber's handset or nobile
term nal periodically exchanges nessages with a
network based server. For ¥anple, in a home zone
service operating as described previously, typically
eaclndiderdal Petetomcri ber noves either into or out of
the zone, a nessage is sent notifying the server. A
Medsurementsohadetad gell sfgratadierdongmdatyardpoirted dhly WwiEpageal

celtlenitis: FonexamIoRCaN aeighivensallonrs usksly idopibida
F | ti

ont B SRS i sl BERRRE e 88 ielinidg iR Breigou 0. The

actife RERIABEJE t8H ek e&&? at 5 g’lﬁeﬁHHQ@ hhedlir éﬂ?ﬁt lon

request or the coord| timate generated In the

determiinkd by seaaching §0pé enaith th ehesspartial chpity byitlimathe aidifity
ftﬂxn a fixed, size nessage forrrat consi der” a zone- based
o

deaving cell that hap heoim @IIW identifisdi vie ar@illl 0. &k thérpeighbour

T RN R N
in tl'?@rﬂe'agéﬁ%ﬁé{te&u‘l%‘ s e& %71&?{1‘%\’\6\7r3n£ E(I_‘lf.t ztAs's %uélgscﬁé \fglgure
to indicate the Type of nessage, oct'et  éna

to find Bcelbrenatet te(l dllatefdifidrstcanitR dreRRliéAsbil 88Y bé1Y
138 octets available for reporting observations of the

with gepuslinateasrars. $Hbﬂ@r1231f Asentiggeell habmmremtfcooalmates,
and the cl t follo |l e e cont

one Bt e Bbritr solbanay ot b ble ©dsilysdentiied based on

the BSRELHAARPORY ¥RGLEL bPRR &F8inate error. Thus a coordinate error

may manifest via the detection of an unknown cell which will be resolved via

a correction to a cell’s coordinates once the root cause is identified.

Efficient Collection of Network Measurements

In one aspect of the invention, the system can optionally leverage the spare
capacity in existing messages and/or use already established communication
sessions to report information about the radio network for use in one or more
of the methods described above. In many communications networks the
protocols available for transmitting the zone status updates or location data
are fixed in size, for example SMS in GSM. The status update and location
messages do not necessarily use all of the available space. There are also
session based communications protocols wherein there is a network
bandwidth cost associated with setting up the session, for example USSD in
GSM. Having set up a session to send a message, the marginal cost of
sending extra data is low. An advantage of the present invention is to

leverage the available space or session to send information about the observed
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as "conprising"” and "including" will be understood to

inply the inclusion of a stated integer or group of
wonvwegasw; but not the exclusion of any other PATRAFR006/001577

or group of integers. The reference to any prior art

in this specification is not, and should not be taken

as, an acknow edgenent of any form of suggestion that

such prior art forns part ©1 the comon general

know edgeTHE CLAIMS: 1. ‘A nethod for detecting an
radiomemsirkiatioyeied v in ferfrathfnebaonk thpadityd N In BERIt¥@E K

and a network database, the nethod conpri sing:

wheredhe mergage angih spvtiable dhie extrarinformation reqatireddioo
co ni,cati ons net work t Least one neasurement .qf at
supp QAU el i S B S PRBRAtE AL HOBSP N R PBHon can still be
appRAEH o cBit O dfd 16L M ap EAERAdsRed 0F e tPABH o RRE cost.
Thed@dtaakeapacity 6@t Beitindoup habnhb&@id isl Fagi suehahat
nmeasurenent is inconsistent if the at | east one
sengigsa prvalramoentiof dxéracdatatwilk et signifiespdy dinpgcddiesystem.

t he network database. 2. A nethod as clained in claim
metric

. further conpri si the step of ,calculating.

Thig g Enafbn GRS (970 0 SUPBRL D et et POETRSilefTig®
i .

bet T S O U, Py A ERRAE PP Te i mation
senttaal etudetle identily ffyeinag cel beirigshsed BheHes MobilaJarkid fsr

the at |east one neasurenent is different to the
eack gell bspishby tle thethile; full (e.g. CID + LAC) and partial cell identifiers
(e.g. BSIC, PSC), channel / frequency, signal strength, and / or variation in
signal strength. The data can be the raw measurements or filtered (e.g.

averaged).

In the process of operating a location or zone based service, a subscriber's
handset or mobile terminal periodically exchanges messages with a network
based server. For example, in a home zone service operating as described
previously, typically each time the subscriber moves either into or out of the
zone, a message is sent notifying the server. A further advantage of
combining data into this message is the spatial coverage that such a spatial
trigger provides. The network data gathered will derive from a cross the

network coverage area.

For a location service there will be a message sent to the server containing

either the data in support of a location request or the coordinate estimate

-generated in the mobile.

As an example of the spare capacity available in a fixed size message format,
consider a zone-based location system in which the mobile notifies the status

(in/out) of its zones to a server using SMS. In GSM the SMS payload is a
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the network database if the calculated netric exceeds
the threshold. 4. A nethod as clained in claim1l

woéuod7lvasi7conpri si ng maki ng a hypot hesi s that aPCT/AU2006/001577

paraneter of the nobile radi o communicati ons network

IS not present in the nobile radi o conmuni cati ons

net wor k even though data in the network database

indi cates that the paramet® is present.5. A nethod as

claimed in claim4 further conprising, if the at | east
fixQD§izEBASAT 8oRY. ARgHus@Ated ANTTabLH 23 bélber, Hyquittie sesgrved to

considering data that supports the hypothesis.
indietté tit Gypeaifanessdgeons mtah enajlgst we tO 5 &RPE ﬁtﬁtﬁges (IN or

consi derin ata th orts h esi s
OtHattﬁ@& rSEogcrrg. SN SR OISR B :11 fot PRr bsef” afibns of
th S data that supports the hypothe3|s

%ﬁ&ﬂb ses et erm ni ng whet her the nobile radio

terminal is in a given zone. 8 A nethod as clained in
Tablkad3m 7 wherein, if the nobile radio termnal is

determned to be in the given zone, the nethod further

COITp'iSi ng ()rmarl o _the_at least one pmeasttrement Wth

TTTeT

dat a| Msg he| deneor | Radiahwtworls ppeeyabignfatto one or
nor e &xgecttg aSLrenents that woul d be expected to
be obt¥Pfed ;‘f“ mobile radio termnal in the |given
zone 7 gt | as 3@l Rtdfed Tn claim8 further
conpri sing (etern1r|ng that there is an inconsisltency
bet ween the radi o comuni cati ons network and the
networ k database if the step of conparing the at | east
one neasurenent with data in the network database
TheShglesRandispacifieatitie and the claims that follow, unless the context

0

recquires otherwise, the words “comprise” and “include” and variations such
as “comprising” and “including” will be understood to imply the inclusion of
a stated integer or group of integers, but not the exclusion of any other integer

or group of integers.

The reference to any prior art in this specification is not, and should not be
taken as, an acknowledgement of any form of suggestion that such prior art

forms part of the common general knowledge
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one or nore expected neasurenents indicates a
difference. 10. A nethod as clained in claim9 further

woaogrdsi’ng accunul ating a plurality of measur eOEMAITR006/001577

over tinme and determining that there is an

I nconsi stency between the radi o comuni cations network
and the network database if the difference between the
accunul at edmeasur enents ané t he one or nore expected
measur enents exceeds a predetermined threshold. 11. A
method as clainmed in claim210 wherein the hypothesis
is that the radi o conmuni cati ons network contains a

THECOEAREISat i onal cell. 12. A nmethod as clained in claim

1 wherein the at | east one neasurenent is received
fromthe nobile radio termnal using spare capacity in

re t 13. A
ot AsEAOH BY RN SRATBIER veRseata a1 ¢
e agdthRTRRESiHsEn Rk el Jﬁ&mcﬁrkﬂidﬂé@{s’et theahethli | €
radio termnals within the radi o communi cati ons
net ganprisitg: A network processor in a radio
conmuni cat i ons netvvork aving at |east qne radio
par anet efeceting &kam agnebie pdie tergpingl mpthg 13410 and a

net wor k dat abase wor.k da r

cor F%@Hb‘mfFa%m?S h?fﬁv {lgg%t Or}?nr(ge‘%r ad ?%ne%lgf) gﬁg e%?‘g &%en
net ﬁf:é]f%gn 31 he HRIBAIE BHRYcoANTREE! tHHs divorReel Vi ng
fromthe nobile radio termnal in the radio

conmmuni cedmpasingghaeat keastdoné arasweneentsaithcomesponding
the at |east one ameter a conparator for conparing
thedatamefél@tneéW@rﬁéé oed with the correspondi ng

data in Eite]t%rrr}l%tuvr\l%rflf\agﬁle :—?taleaSt onlgdmeasurement is inconsistent if

the at least one measurement is different to the corresponding data in

the network database.

2. A method as claimed in claim 1 further comprising the step of
calculating a metric associated with the at least one measurement using
data from the network database, and comparing the calculated metric

with a threshold.

3. A method as claimed in claim 2 further comprising determining that
the at least one measurement is different to the corresponding data in

the network database if the calculated metric exceeds the threshold.

4. A method as claimed in claim 1 further comprising making a
hypothesis that a parameter of the mobile radio communications
network is not present in the mobile radio communications network
even though data in the network database indicates that the parameter

is present.
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a nmeans for determning that the at |east one

measurenent is inconsistent if the at |east one
woreEmagiTent is different to the correspondi ngPdatAa2006/001577

t he network database. 15. A radi o conmuni cati ons

network conprising a network processor. as clained in

claim14. 16. A nethod for detecting a non-operationa

cell in a radi o comunicat$dns network, the nethod

conprising: receiving at | east one neasurenent,

including data relating to at |east one cell, froma

nobile radio termnal in the radi o conmuni cations

het Avangthodetselatimsidnin dlaisn Hdnrthke comipirising, alithe atdeast oak
is in a given zone; determ ning whefher the at, | east
ondTERTIEMEnt 48T PRHCORMRCT His R BRRE coRsidaring data that
I eaﬁ{ [ I oper ati ng; determ ni ng whet her

t he gg]gfsetglgé{%ﬂgzlrl}%gg'exceeds a predeterm ned

threshol d; and determning that the at | east one cel

Is not operational if the updated evidence exceeds the
pr edlenethodresdldineskinodlaim 4 Furthermeoimpdisargg cormidening data
claim 16 further conprising for each cell reported in
théhﬁfs¢EE%$Sgﬁ@1 $8nent, resetting evidence

agai nst the at |east one cell not operating. 18. A
nmet hod as clainmed in claim16 wherein the step of

7eS&lrhéthS Ao JARER] ROAARE 6 Wheredl tHeeRsH 0P BEnSiALIND Hata
operating conprises setting an accumnulated unreported
cel that ssppods ter oy potthesisiconyises cetdrntning whetlrarthe

mobile radio terminal is in a given zone.

8. A method as claimed in claim 7 wherein, if the mobile radio terminal is
determined to be in the given zone, the method further comprising
comparing the at least one measurement with data in the network
database corresponding to one or more expected measurements that
would be expected to be obtained by the mobile radio terminal in the

given zone.

9. A method as claimed in claim 8 further comprising determining that
there is an inconsistency between the radio communications network
and the network database if the step of comparing the at least one
measurement with data in the network database corresponding to the

one or more expected measurements indicates a difference.

10. A method as claimed in claim 9 further comprising accumulating a
plurality of measurements over time and determining that there is an
inconsistency between the radio communications network and the

network database if the difference between the accumulated
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wetep/magi7apdat i ng evi dence that the at

19. A nmethod as clained in claim1l7 wherein for each
cell unreported in the at | east one neasurenent, the

is not operating conprises conputing an unreported

cell cost for the at |east one cell and adding the

conputed unreported cellcost to the accunul ated

unreported cell cost and iﬁ%renenting the cell count.

20. A nethod as clainmed in claim 18 wherein the step

of rdeassrameintganh thdene bhmarpeapeded retsneementasdseds a

t he redeter ed threshold conprises determ ning
Q?GFHEn @ded unreported cell cost is

greater than the predeterm ned threshold. 21. A nethod

as claimed in claim19 wherein the at | east one cel

is maahsura@@etlﬁw@emmaﬁm el e Ohe PRI EDNR! thiyf ﬂ‘[ehe

accurul ated unreported cell cost I1s greater than't
pr eddicecamhnethitdtieshwdtdork 2onthines wonkopgeratessakellf or
use in a radi o communi cati ons network having at | east
one cell in a zone and at | east one nobile radio

dlo co i cations et rk, the
JE AR Bhalide imlCp SR T bty @it st PoF mentaroment
at 0
o PR ration Bl Rlol 85 b eLiboc i,
r acgileadyrestabilishéd comnnehisatibns sesians for determ ning
whet her the nobile radio termnal is in a given zone;
determ ni ng whether the at |east one cell is reported,;
a neans for updating evidence that the at |east one
cell is not

13. A method as claimed in claim 12 wherein a plurality of measurements
are received from a plurality of mobile radio terminals within the radio

communications network.

14. A network processor in a radio communications network having at
least one radio parameter, at least one mobile radio terminal, and a
network database, the network database storing data corresponding to the
at least one radio parameter, the network processor comprising;

a receiver for receiving from the mobile radio terminal in the
radio communications network, at least one measurement of the at
least one parameter;

a comparator for comparing the at least one measurement with
the corresponding data in the network database; and

a means for determining that the at least one measurement is
inconsistent if the at least one measurement is different to the

corresponding data in the network database.

| east omreT@A®12006/001577
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operating; a nmeans for determ ning whether the updated

evi dence exceeds a predeterm ned threshold; and a
worenTd4$10r determ ning that the at | east one ceCi/AU006/001577

not operational if the updated evi dence exceeds the ’

predeterm ned threshol d.23. A radi o communi cati ons

network conprising a network processor as clained in

claim 22. 64

15. A radio communications network comprising a network processor as

claimed in claim 14.

16. A method for detecting a non-operational cell in a radio

communications network, the method comprising:
receiving at least one measurement, including data relating to at
least one cell, from a mobile radio terminal in the radio
communications network; -
determining whether the mobile radio terminal is in a given
zone; determining whether the at least one cell is reported;
updating evidence that the at least one cell is not operating;
determining whether the updated evidence exceeds a
predetermined threshold; and
determining that the at least one cell is not operational if the

updated evidence exceeds the predetermined threshold.

17. A method as claimed in claim 16 further comprising for each cell
reported in the at least one measurement, resetting evidence against

the at least one cell not operating.

18. A method as claimed in claim 16 wherein the step of resetting evidence
against the at least one cell not operating comprises setting an
accumulated unreported cell cost to zero and setting a cell count to

Zero.

19. A method as claimed in claim 17 wherein for each cell unreported in
the at least one measurement, the step of updating evidence that the at
least one cell is not operating comprises computing an unreported cell

cost for the at least one cell and adding the computed unreported cell
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cost to the accumulated unreported cell cost and incrementing the cell

count.

20. A method as claimed in claim 18 wherein the step of determining
whether the updated evidence exceeds the predetermined threshold
comprises determining whether the accumulated unreported cell cost

is greater than the predetermined threshold.

21. A method as claimed in claim 19 wherein the at least one cell is
determined to be potentially non-operational if the accumulated

unreported cell cost is greater than the predetermined threshold.

22. A network processor for use in a radio communications network
having at least one cell in a zone and at least one mobile radio terminal
in the radio communications network, the network processor
comprising:

a receiver for receiving at least one measurement, including data
relating to at least one cell, from a mobile radio terminal in the
radio communications network;

a means for determining whether the mobile radio terminal is in
a given zone; determining whether the at least one cell is
reported;

a means for updating evidence that the at least one cell is not
operating;

a means for determining whether the updated evidence exceeds
a predetermined threshold; and

a means for determining that the at least one cell is not
operational if the updated evidence exceeds the predetermined

threshold.
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23. A radio communications network comprising a network processor as

claimed in claim 22.



